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INTRODUCTION, SUMMARY CONCLUSIONS AND RECOMMENDATIONS

The release of over five million cubic yards of coal combustion waste from the Tennessee Valley
Authority’s Kingston, Tennessee facility in December 2008 flooded more than 300 acres of land,
damaging homes and property. In response the U.S. EPA is assessing the stability and
functionality of the coal combustion ash impoundments and other management units across the
country and, as necessary, identifying any needed corrective measures.

This assessment of the stability and functionality of the Cliffside Steam Station Ash Basin Dikes
is based on a review of available documents and on the site assessment conducted by Dewberry
personnel on February 23, 2011. We found the supporting technical documentation adequate
(Section 1.1.3). As detailed in Section 1.2.5, there are two recommendations based on field
observations that may help to maintain a safe and trouble-free operation.

In summary, the Cliffside Steam Station Ash Basin Dikes are SATISFACTORY for continued
safe and reliable operation, with no recognized existing or potential management unity safety
deficiencies.

PURPOSE AND SCOPE

The U.S. Environmental Protection Agency (EPA) is embarking on an initiative to investigate
the potential for catastrophic failure of Coal Combustion Surface Impoundments (i.e.,
management unit) from occurring at electric utilities in an effort to protect lives and property
from the consequences of a dam failure or the improper release of impounded slurry. The EPA
initiative 1s intended to identify conditions that may adversely affect the structural stability and
functionality of a management unit and its appurtenant structures (if present); to note the extent
of deterioration (if present), status of maintenance and/or a need for immediate repair; to
evaluate conformity with current design and construction practices; and to determine the hazard
potential classification for units not currently classified by the management unit owner or by

a state or federal agency. The initiative will address management units that are classified as
having a Less-than-Low, Low, Significant or High Hazard Potential ranking. (For Classification,
see pp. 3-8 of the 2004 Federal Guidelines for Dam Safety).

In early 2009, the EPA sent its first wave of letters to coal-fired electric utilities seeking
information on the safety of surface impoundments and similar facilities that receive liquid-borne
material that store or dispose of coal combustion residue. This letter was issued under the
authority of the Comprehensive Environmental Response, Compensation, and Liability Act
(CERCLA) Section 104(e), to assist the Agency in assessing the structural stability and
functionality of such management units, including which facilities should be visited to perform a
safety assessment of the berms, dikes, and dams used in the construction of these impoundments.
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EPA requested that utility companies identify all management units including surface
impoundments or similar diked or bermed management units or management units designated as
landfills that receive liquid-borne material used for the storage or disposal of residuals or
by-products from the combustion of coal, including, but not limited to, fly ash, bottom ash, boiler
slag, or flue gas emission control residuals. Utility companies provided information on the size,
design, age and the amount of material placed in the units. The EPA used the information
received from the utilities to determine preliminarily which management units had or potentially
could have High Hazard Potential ranking.

The purpose of this report is to evaluate the condition and potential of residue release from
management units that have or have not been rated for hazard potential classification. This
evaluation included a site visit. Prior to conducting the site visit, a two-person team reviewed the
information submitted to EPA, reviewed any relevant publicly available information from state
or federal agencies regarding the unit hazard potential classification (if any) and accepted
information provided via telephone communication with the management unit owner.

Factors considered in determining the hazard potential classification of the management units(s)
included the age and size of the impoundment, the quantity of coal combustion residuals or
by-products that were stored or disposed of in these impoundments, its past operating history,
and its geographic location relative to down gradient population centers and/or sensitive
environmental systems.

This report presents the opinion of the assessment team as to the potential of catastrophic failure
and reports on the condition of the management unit(s).

LIMITATIONS
The assessment of dam safety reported herein is based on field observations and review of
readily available information provided by the owner/operator of the subject coal combustion
residue management unit(s). Qualified Dewberry engineering personnel performed the field
observations and review and made the assessment in conformance with the required scope of
work and in accordance with reasonable and acceptable engineering practices. No other

warranty, either written or implied, is made with regard to our assessment of dam safety.
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1.0 CONCLUSIONS AND RECOMMENDATIONS

1.1  CONCLUSIONS

Conclusions are based on visual observations from a one-day site visit, February
23,2011, and review of technical documentation provided by Duke Power
Company.

1.1.1 Conclusions Regarding the Structural Soundness of the Management
Unit(s)

The dike embankments and spillway appear to be structurally sound based
on a review of the engineering data provided by the owner’s technical staff
and Dewberry engineers’ observations during the site visit.

1.1.2  Conclusions Regarding the Hydrologic/Hydraulic Safety of the
Management Unit(s)

Adequate capacity and freeboard to safely pass the design storm (full
Probable Maximum Precipitation (PMP)) has not been demonstrated.
Hydrologic and hydraulic analyses provided to Dewberry indicate there is
adequate impoundment capacity to contain the /2 PMP design storm
without overtopping the dikes. (Appendix A: Doc 01 — 2007 Five-Year
Inspection Report).

1.1.3 Conclusions Regarding the Adequacy of Supporting Technical
Documentation

Supporting documentation reviewed by Dewberry is inadequate.

Although documentation was provided for the hydrologic/hydraulic safety
analysis, the PMP design storm was not assessed. Remaining supporting
technical documentation is adequate. Engineering documentation
reviewed is referenced in Appendix A.

1.1.4 Conclusions Regarding the Description of the Management Unit(s)

The description of the management unit provided by the owner was an
accurate representation of what Dewberry observed in the field.

1.1.5 Conclusions Regarding the Field Observations

The visible parts of the embankment dikes and outlet structure were
observed to have no signs of overstress, significant settlement, shear
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failure, or other signs of significant instability although widespread
seepage was observed along the toe of the upstream dike which needs to
continue to be monitored. There are no apparent indications of unsafe
conditions or conditions needing remedial action.

1.1.6 Conclusions Regarding the Adequacy of Maintenance and Methods of
Operation

The current maintenance and methods of operation appear to be adequate
for the ash management unit. There was no evidence of significant
embankment repairs or prior releases observed during the field inspection.
However there were minor ruts from erosion along the upstream dike, left
abutment crest.

1.1.7 Conclusions Regarding the Adequacy of the Surveillance and Monitoring
Program

The surveillance program appears to be adequate. The management unit
dikes are instrumented. Multiple piezometers and observation wells have
been installed as instrumentation. However, widespread seepage at the toe
of the upstream dike and seepage at the toe of the downstream dike need
to be monitored and recorded. If discoloration or changes in the flow are
observed, then an action plan should be developed

1.1.8 Classification Regarding Suitability for Continued Safe and Reliable
Operation

The facility is SATISFACTORY for continued safe and reliable
operation. No existing or potential management unit safety
deficiencies are recognized. Acceptable performance is expected
under all applicable loading conditions (static, hydrologic, seismic) in
accordance with the applicable criteria.

1.2  RECOMMENDATIONS
1.2.1 Recommendations Regarding the Hydrologic/Hydraulic Safety

Perform hydrologic/hydraulic analysis to document adequate freeboard
exists to pass the PMP event.

1.2.2 Recommendations Regarding the Field Observations

Continue to monitor seepage along the toe of both embankments.
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1.2.3 Recommendations Regarding the Maintenance and Methods of Operation
Remediate minor rutting along upstream dike, left abutment crest
1.3 PARTICIPANTS AND ACKNOWLEDGEMENT
1.3.1 List of Participants

Steve Hodges, Duke

Joshua Moore, Duke
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2.0 DESCRIPTION OF THE COAL COMBUSTION RESIDUE MANAGEMENT
UNIT(S)

2.1 LOCATION AND GENERAL DESCRIPTION

The Cliffside Steam Station is situated on the Cleveland/Rutherford County Line in
Mooresboro, North Carolina. The site is just to the south of the Broad River and is
approximately 55 miles west of Charlotte, NC. The nearest downstream town is
Gaffney, South Carolina and is approximately 12 miles away. Figure 2.1a depicts a
vicinity map around the Cliffside Steam Station while Figure 2.1b depicts an aerial
view of the Cliffside Station. Table 2.1 provides the physical dimensions of the ash
basin dikes.
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Figure 2.1 a: Cliffside Steam Station Vicinity Map
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Figure 2.1 b: Cliffside Steam Station Aerial View

Table 2.1: Summary of Dam Dimensions and Size
Upstream Downstream

Embankment Embankment
Dam Height (ft) 60 120
Crest Width (ft) 15 15
Length (ft) 890 876
Side Slopes (upstream) H:V 2.5:1 2.5:1/2.1
IS_Ild‘t; Slopes (downstream) 2.5:1/2:1 251

2.2 COAL COMBUSTION RESIDUE HANDLING
2.2.1 Fly Ash

Fly ash is collected at the base of the stack by an electrostatic precipitator.
The collected ash is stored in hoppers and conveyed pneumatically to a
silo (see photo below). From the silo it is conveyed hydraulically in a pipe
to the Active Ash Pond. The discharge into the ash pond is continuous.
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Fly Ash Hoppers

Fly Ash Silo

2.2.2 Bottom Ash

Bottom ash is collected from the furnace and conveyed through the same
pipe as the fly ash into the Active Ash Pond.
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Bottom Ash Collection
2.2.3 Boiler Slag

Boiler slag is collected from the boiler and is sluiced into the same pipe
that conveys fly and bottom ash into the Active Ash Pond.

Boiler — Point of Boiler Slag Discharge
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2.2.4 Flue Gas Desulfurization Sludge

The Cliffside Steam Station has a flue gas desulfurization unit. Residuals
from that process are, at times, transported by pipeline to the ash pond; or
may be transported out by truck (i.e. gypsum byproduct).

2.3 SIZE AND HAZARD CLASSIFICATION

The ash pond is a cross-valley system impounded by two earthen embankment
dikes. One dike is labeled as the downstream dike (State ID # CLEVE-049) which
is closest to the NPDES permitted outfall and the other is the upstream dike (State
ID # CLEVE-050).

Table 2.3a: USACE ER 1110-2-106
Size Classification

Downstream Impoundment
Category Storage (Ac-ft) Height (ft)
Small 50 and < 1,000 25 and <40
Intermediate 1,000 and < 50,000 40 and < 100
Large > 50,000 > 100

Table 2.3a: USACE ER 1110-2-106
Size Classification

Upstream Impoundment
Category Storage (Ac-ft) Height (ft)
Small 50 and < 1,000 25 and <40
Intermediate 1,000 and < 50,000 40 and < 100
Large > 50,000 > 100

A Hazard Classification of Low has been assigned based on North Carolina Utilities
Commission Criteria. Based on observations, a classification of Significant
appears to be appropriate. Per the Federal Guidelines for Dam Safety dated April
2004, a Significant Hazard Potential classification applies to those dams where
failure or misoperation results in no probable loss of human life but can cause
economic loss, environmental damage, disruption of lifeline facilities, or can impact
other concerns. Losses are principally limited to the owner’s property.
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Hazard Classification

Table 2.3b: FEMA Federal Guidelines for Dam Safety

Loss of Human Life Economic, Environmental,
Lifeline Losses
Low None Expected Low and generally limited to owner
Significant | None Expected Yes
High Probable. One or more Yes (but not necessary for
expected classification)

Considering the low probability of loss of life should the fly ash dam system fail, a
Federal Hazard Classification of Significant is appropriate for this size facility.

2.4 AMOUNT AND TYPE OF RESIDUALS CURRENTLY CONTAINED IN THE

UNIT(S) AND MAXIMUM CAPACITY

The ash pond permanently contains fly ash, bottom ash, pyrites, flue gas emission
control residuals, and boiler slag. Pond wastewater is from water treatment; boiler
blowdown; floor, laboratory and equipment cleaning drains; cooling tower
blowdown; boiler chemical cleaning wastes; storm water runoff; coal pile runoff;

fire protection; and mill rejects.

Table 2.4: Maximum Capacity of Unit

Cliffside Ash Pond
Surface Area (acre) 84
Current Storage Capacity (cubic yards) 1,621,400*
Current Storage Capacity (acre-feet) 1,005%*
Total Storage Capacity (cubic yards) 8,107,000
Total Storage Capacity (acre-feet) 5,025

Crest Elevation (feet)

775 (lowest)

Normal Pond Level (feet)

765

*Based on an estimate that the ash pond was 80% full in January 2009

(Appendix A: Doc 02: Response to EPA)
2.5 PRINCIPAL PROJECT STRUCTURES

2.5.1 Earth Embankment

The original material of the embankment is assumed to be native soils

from nearby borrow pits.

2.5.2 Outlet Structures

Cliffside Steam Station
Duke Energy Corporation
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A drainage tower that discharges through a 42-inch diameter reinforced
concrete pipe (RCP) into the Broad River is the main outlet structure.

2.6 CRITICAL INFRASTRUCTURE WITHIN FIVE MILES DOWN GRADIENT

Dewberry attempted to identify critical structures using aerial photography, which
might not accurately represent what currently exists down-gradient of the site. No
critical infrastructure was found to be downstream of the site.
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3.0 SUMMARY OF RELEVANT REPORTS, PERMITS, AND INCIDENTS

Summary of Reports on the Safety of the Management Unit

2007 Five-Year Inspection Report, Cliffside Station Ash Basin Dikes, MACTEC.
Dated 1/09/2007. (Appendix A: Doc 01 - 2007 Five-Year Inspection Report)

The report made the following recommendations:
e No further study of hydrologic safety was recommended;

e Grassed slopes of dikes should continue to be reseeded in areas where
equipment has disturbed the vegetation, and the existing maintenance
program should be continued and upgraded to include regular mowing of the
slopes;

e Burrowing animals should be prevented from establishing themselves on the
dike slopes and abutments. A maintenance program in which the grass
cover is mowed at least twice yearly helps deny cover for the animals;

¢ (Quantitative monitoring of the water level and piezometer water levels
should continue on a monthly basis. Data should be updated, recorded and
compared to prior analyses;

o Existing vegetation along the swamp area at the downstream toe of the
upstream dike should be removed. At least annually, the vegetation in this
area should be cut by hand. Construction of surface ditches to drain this
area would be helpful in accessing the area for vegetation control,

e The vegetation in the rock rip-rap toe areas of the upstream dike should be
removed and then controlled by annual application of herbicide.

Annual and monthly inspections reports are also provided, see Appendix A: Doc 04
and 05 for annual reports and Appendix A: Doc 06 — Jan 2011 Monthly Inspection
for an example monthly report.
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3.1 SUMMARY OF LOCAL, STATE, AND FEDERAL ENVIRONMENTAL
PERMITS

The dam is inspected by NCDENR Dam Safety Program. NCDENR inspection
reports can be found in Appendix A: Doc 07 — Cliffside CLEV-049(Downstream
Dike) and Doc 08 — Cliffside CLEV-050 (Upstream Dike).

Discharge from the impoundment is regulated by the Federal National Pollutant
Discharge Elimination Program (NPDES) and the impoundment has been issued
NPDES Permit No. 0005088.

3.2 SUMMARY OF SPILL/RELEASE INCIDENTS

Data reviewed by Dewberry did not indicate any spills, unpermitted releases, or
other performance related problems with the dam over the last 10 years.
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4.0 SUMMARY OF HISTORY OF CONSTRUCTION AND OPERATION

4.1 SUMMARY OF CONSTRUCTION HISTORY

4.1.1

Original Construction

Design studies, drawings and specifications were made for the ash pond
dikes in 1972/73 by Duke Power Company’s Design group. Borings at
the dike foundations and borrow pits were conducted by Duke’s
Construction group in the spring and summer of 1973. The construction
occurred in two phases, the first of which began in 1974 and was
completed in 1975 by Burns and Spangler Construction Company. The
second phase consisted of increasing the height of the lower and upper
dike which was eventually completed in late 1980.

Significant Changes/Modifications in Design since Original Construction

No documentation of significant changes/modifications in design since
original construction was provided.

Significant Repairs/Rehabilitation since Original Construction

No documentation of significant repairs/rehabilitation since original
construction was provided.

4.2 SUMMARY OF OPERATIONAL PROCEDURES

4.2.1

422

Original Operational Procedures

The ash pond was designed and operated for reservoir sedimentation and
sediment storage of ash. Plant process waste water, coal combustion
waste, coal pile stormwater runoff, and stormwater runoff around the Ash
Pond facility are discharged into the reservoir. Inflow water is treated
through gravity settling and deposition, and the treated process water and
stormwater runoff is discharged through an unregulated type overflow
outlet structure.

Significant Changes in Operational Procedures and Original Startup

No documentation was provided describing any significant changes in
Operating Procedures.

Cliffside Steam Station 4-1
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4.2.3 Current Operational Procedures
Original operational procedures appear to be effect.
4.2.4 Other Notable Events since Original Startup

No additional information was provided.
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5.0 FIELD OBSERVATIONS

5.1 PROJECT OVERVIEW AND SIGNIFICANT FINDINGS

Dewberry personnel Frederic Shmurak, P.E. and Justin Story, E.I. performed a site
visit on Wednesday, February 23, 2011, in company with the participants.

The site visit began at 10:00 AM. The weather was a partly cloudy cool day.
Photographs were taken of conditions observed. Please refer to the Dam Inspection
Checklist in Appendix B. Selected photographs are included here for ease of visual
reference. All pictures were taken by Dewberry personnel during the site visit.

The overall assessment of the upstream and downstream dams was that it was in
satisfactory condition and no significant findings were noted.

5.2 UPSTREAM DIKE (CLEV-050)
5.2.1 Crest

There was minor rutting along the upstream dike, left abutment crest.
Overall, there were no signs of depressions, tension cracking, or other

indications of settlement or shear failure and the crest appeared to be in
satisfactory condition.

Minor Rutting Along Crest at Left Abutment
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5.2.2  Upstream/Inside Slope

No scarps, sloughs, depressions, bulging or other indications of slope
instability or signs of erosion were observed. There was an isolated area that
had recently been repaired and was covered with an erosion control fabric.

Upstream slope
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5.2.3 Downstream/Outside Slope and Toe

Widespread seepage was observed along the toe. No scarps, sloughs,
depressions, bulging or other indications of slope instability or signs of
erosion were observed.

9~

”

Widespread seepage along toe
5.2.4 Abutments and Groin Areas

The abutments and groin areas of the dike appear to be in satisfactory
condition.
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5.3 DOWNSTREAM DIKE (CLEV-049)

5.3.1 Crest

No scarps, sloughs, depressions, bulging or other indications of slope
instability or signs of erosion were observed.

Downstream Dike Crest
5.3.2  Upstream/Inside Slope

No scarps, sloughs, depressions, bulging or other indications of slope
instability or signs of erosion were observed.
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5.3.3 Downstream/Outside Slope and Toe

No scarps, sloughs, depressions, bulging or other indications of slope
instability or signs of erosion were observed. Seepage was observed at the
toe of the slope in the vicinity of the internal blanket drain.

Overall View of Downstream Slope

5.3.4 Abutments and Groin Areas

The abutments and groin areas of the dike appear to be in satisfactory
condition.
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5.4 OUTLET STRUCTURES
5.4.1 Overflow Structure

The outlet structures were properly discharging flow from the pond and
visually appeared to be in good condition.

5.4.2 Outlet Conduit

The visual portion of the outlet conduit was functioning properly with no
apparent deterioration.

Outfall into Broad River

5.4.3 Emergency Spillway
No emergency spillway is present.
5.4.4 Low Level Outlet

No low level outlet is present.
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6.0 HYDROLOGIC/HYDRAULIC SAFETY

6.1 SUPPORTING TECHNICAL DOCUMENTATION
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6.1.1

Flood of Record

No documentation has been provided about the flood of record. It was
noted that in October of 2005 a storm equivalent to a 500-year storm event

occurred; the embankments were not overtopped.

Inflow Design Flood

According to FEMA Federal Guidelines for Dam Safety, the current
practice in the design of dams is to use the Inflow Design Flood (IDF) that

is deemed appropriate for the hazard potential of the dam and reservoir,
and to design spillways and outlet works that are capable of safely
accommodating the flood flow without risking the loss of the dam or
endangering areas downstream from the dam to flows greater than the
inflow. The recommended IDF or spillway design flood for a significant
hazard, large-sized structure (See section 2.2), in accordance with the
USACE Recommended Guidelines for Safety Inspection of Dams ER
1110-2-106 criteria is the Probable Maximum Flood (PMF) (See

Table 6.1.2).
Table 6.1.2: USACE Hydrologic Evaluation Guidelines
Recommended Sgillwaz Design floods
Hazard Size Spillway Design Flood

Small 50 to 100-yr frequency

Low Intermediate 100-yr to /2 PMF
Large Y2 PMF to PMF
Small 100-yr to /2 PMF

Significant Intermediate Y2 PMF to PMF
Large PMF
Small 72 PMF to PMF

High Intermediate PMF
Large PMF

The Probable Maximum Precipitation (PMP) is defined by American
Meteorological Society as the theoretically greatest depth of precipitation
for a given duration that is physically possible over a particular drainage
area at a certain time of year. The National Weather Service (NWS)
further states that in consideration of our limited knowledge of the
complicated processes and interrelationships in storms, PMP values are

Cliffside Steam Station
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identified as estimates. The NWS has published application procedures
that can be used with PMP estimates to develop spatial and temporal
characteristics of a Probable Maximum Storm (PMS). A PMS thus
developed can be used with a precipitation-runoff simulation model to
calculate a PMF hydrograph.

The 24 hour, 10-square mile PMP depth is 40 inches. The facility has a
contributing drainage area of approximately 258 acres for the ash pond. A
1986 report from Law Engineering states that the ash pond could handle
the /2 PMP, 24-hour duration rainfall event. The existing freeboard during
the /2 PMP event would be 1.7 feet; however, the design storm of the PMP
needs to be evaluated. (Appendix A: Doc 09 — 1986 Five-Year Inspection
Report).

6.1.3 Spillway Rating
No spillway rating was provided.
6.1.4 Downstream Flood Analysis
No downstream flood analysis was provided.
6.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION

Supporting documentation reviewed by Dewberry is inadequate. Although
documentation was provided for the hydrologic/hydraulic safety analysis, the PMP
design storm was not assessed.

6.3 ASSESSMENT OF HYDROLOGIC/HYDRAULIC SAFETY

Adequate capacity and freeboard to safely pass the design storm has not been

demonstrated.
Cliffside Steam Station 6-2
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7.0 STRUCTURAL STABILITY

7.1 SUPPORTING TECHNICAL DOCUMENTATION

7.1.1

Stability Analyses and Load Cases Analyzed

A stability analysis summary for the ash pond dated January 8, 2007, by
MACTEC, provides information on the stability analysis results and is
presented in Section 7.1.4 Factors of Safety and Base Stresses. Steady
state (normal) and seismic loading conditions were analyzed. See
Appendix A (Doc 01: Five-Year Inspection Report) for the complete
summary. This document summarizes slope stability analyses performed
in 1983, 1986 and 1997.

Design Parameters and Dam Materials

The MACTEC inspection report includes documentation of the shear
strength design properties for the ash pond embankments, Test results
showing the strength parameters of the embankments are presented below.
The results present generally acceptable values for these types of
materials.

Table 4
Soil Properties for Stability Analysis North Embankment

Material Unit Weight Fiction Angle Cohesion

(pcf) (degrees) (psf)

SCU(I) | SCU(2) | SCU(1) | SCU(2)

Foundation Soil 105 25 25 0 0
Embankment Soil 131 28 34 800 0
Internal Drain 120 30 30 0 0

SCU (1) = Saturated Consolidated Undrained Triaxial Test (R)

SCU (2) = Saturated Consolidated Undrained Triaxial Test Corrected for
Pore Pressure (R)

Cliffside Steam Station 7-1
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7.1.3  Uplift and/or Phreatic Surface Assumptions

Figure 7.1.3a shows Phreatic Elevations based on historic observations.
See Appendix A: Doc 01: Five-Year Inspection Report Table C-1 in
Appendix C to see documented historical highs and lows of phreatic
elevations. Figure 7.1.3b shows a consistent trend between the ash pond
depth and piezometer readings.

Figure 7.1.3a — Phreatic Elevations
1983 1997
Location Pond at 772 Pond 758 Pond 772
Centerline 766 748 766
ow-7 724 730 735*
P-5 664 687 702
ow-8 660 666 676
OowW-9 685.5 664 670
Tailwater 655 655 655

* Assumed phreatic line rises to elevation 744 about 14’ horizontally
upslope from OW-7.

CLIFFSIDE STEAM STATION - SUCK CREEK ASH BASIN
LOWER ASH DIKE @) STA 13435

r

W) NOUVYAITE

CS Pezomaters (5-31-00) XAS

Figure 7.1.3b: Historical Pond Depth VS Piezometer Readings
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7.1.4 Factors of Safety and Base Stresses

In the five-year inspection report the downstream dike was considered
more critical and a slope stability analysis was provided. The information
is summarized below.

Table 7.1.4 Factors of Safety for Cliffside Station Downstream Dike

Required Safety Cliffside
Factor (US Computed
Loading Army Corps of | Average Safety
Condition Slope Engineers) Factor
Steady State Outside
(772 1.5 >1.5
Steady State Inside «
(772 1.5 1.5
Rapid Inside
Drawdown 1.25 1.76
(772’ to 755°)

*Factors of safety in the range of 1.35 to 1.4 were calculated for shallow
(4 to 10’ deep) potential failure arcs on the 2:H:1V portion of the inside
slope.

7.1.5 Liquefaction Potential

MACTEC’s five-year report documents that the embankments are rolled
fill construction, wherein the soils were spread in layers and compacted
with mechanized equipment. The foundations are not known to contain
loose, water deposited sands, which is the most susceptible type of soil for
liquefaction by seismic loading.

7.1.6  Critical Geological Conditions

The Cliffside station ash pond geology consists of biotite gneiss and
schists with subordinate layers of various metasedimentary rocks. Small
masses of granitic rock are coming in this part of the Inner Piedmont.
(Appendix A: Doc 01 —2007 Five-Year Inspection Report).
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Based on USGS Seismic-Hazard Maps for the Conterminous United
States, the facility is located in an area anticipated to experience a 0.10g
acceleration with a 2-percent probability of exceedance in 50-years.

7.2 ADEQUACY OF SUPPORTING TECHNICAL DOCUMENTATION
Structural stability documentation is adequate.
7.3 ASSESSMENT OF STRUCTURAL STABILITY

Overall, the structural stability of the dam appears to be satisfactory.
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8.0 ADEQUACY OF MAINTENANCE AND METHODS OF OPERATION

8.1 OPERATING PROCEDURES
Operational procedures are adequate.
8.2 MAINTENANCE OF THE DAM AND PROJECT FACILITIES

The maintenance of the dam and project facilities was adequate, although the
following maintenance items need to be addressed:

e Continue monitoring seepage at toe of both embankments
e Repair minor rutting on crest
8.3 ASSESSMENT OF MAINTENANCE AND METHODS OF OPERATIONS
8.3.1 Adequacy of Operating Procedures
Operating procedures appear to be adequate.
8.3.2 Adequacy of Maintenance

Maintenance procedures appear to be adequate.
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9.0 ADEQUACY OF SURVEILLANCE AND MONITORING PROGRAM

9.1 SURVEILLANCE PROCEDURES
Monthly Inspections:

Monthly inspections reports were provided by Duke Energy and can be found in
Appendix A: Doc 06.

Annual Inspections:

Annual inspections were provided by Duke Energy and can be found in
Appendix A: Doc 04 & 05

Five-Year Inspections:

Five-Year inspections reports were provided by Duke Energy and can be found in
Appendix A: Doc - 01, 03 & 09.

9.2 INSTRUMENTATION MONITORING

Piezometers and monitoring wells installed are adequate for monitoring the phreatic
surface.

9.3 ASSESSMENT OF SURVEILLANCE AND MONITORING PROGRAM
9.3.1 Adequacy of Inspection Program

Based on the data reviewed by Dewberry, including observations during
the site visit, the inspection program is adequate.

9.3.2 Adequacy of Instrumentation Monitoring Program

Based on the data reviewed by Dewberry, including observations during
the site visit, the instrumentation and surveillance program is adequate.
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January & 2007

M. Kelly Ablison

Duke Cnergy Corporatian

Mail Code: Chifis

373 Duke Power Road
huooreshoro, North Carplina 28114

Subject: Five-Ycar Independent Consultant Inspection
Cliffside Steam Station
Axh Busin THkes
Cleveland and Kuotherford Conntics, North Carolina
Per North Caroling Utilities Commission
MACTEC Project No. 6234-06-3843

Dear M., Allison:

MALTEC Engineering and Consulting, Inc. (fka LAW Evngineering and Enviroumental Servicys,
Ine.} is pleased 1o sutwnit the foliowing report of cur independent mspection of the ash dikes at the
Cliffside Steam $tation.  The inspection was performed in accordance with Duke Power
Company’s Specification No. 3102.00-00-0001 Specifications for Inspection of FucHities ax
Reguired by the North Carofing Utifitics Comatission. Our inspection reported heren s the sixth
Nve-vear independent eonsultant inspection of the Cliffside Ash Basin Dikes.

ln weneral. the inspection noted no external. presently visible signs of serious conditions roquiring
emergeney repairs for public safety, dher than rouline mainienance, no MAOr TENAirs appel

warranted at this time.

We appreciate the opportunity 1o provide our peofessional services 1o you on this privect. Pleasc
le1 us know if you have any questions,

Sincerely,

MACTEC ENGINEERING AND CONSIULTING, INC.

Mel Y. ﬁ;wnmg, P‘E ' /

: % % Clay'E. Sams, P.E.
Principal Engineer & S04 " % & Serfior Principal Engineer
Registered, NC 8696 © 8055 Registered, NC 4459
MYB/CES:cvh
Attachments

MACTEC Engineering ond Consulling, Inc.

FA0T Yorkmen! Racd, Soke 100 & Cholae, NC 28208 » Mhone: A0 3537 8800 ¢ S04 357 HTeRE: www. mactec.com
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1. INTRODUCTION

1.1 GENFRAL

This report presems the resulis of the sixth independent consultant inspection of the ash basin
dikes at the Cliffside Steam Station,  The independent inspection 15 performed at five-year
intervals as required by the North Carolina Utilities Commission (NCUC) for facilities operated by
Duke Encrey Corporation in North Caroling and net ficensed by the Federal Energy Reguluory

Commission (FERCY and not covered by the North Carolina Dam Salety Law of 1967,

The previous independent inspuctions were performed in 1981, 1986, 1991, 1990 and 2001 hy
LAW, The results of those inspections were presented in reports dated Octoher 12, 1981 {1.AW
Job No. CH 4581, July 10, 1986 (LAW Job No. CHW 5475} October 3, 1991 (LAW Joh 222
07255-01), April 24. 1998 (LAW Project 30100-6-2037) and December 10, 2001 (LAW Project
30000-1-094R).

In this current teport, emphasis is placed on noling the development of any new conditions or
changes in old, previously reported conditions. The previausly reported conditions are recounted
only where thefe is a change or where it is of particular intercst or of use in deseribing the overall

condition of a specific project structure,

Photagraphs are wsed to illustrate general conditions of project structures in overall views and

specific conditions m clase-up views,

1.2 PURPOSE ARD SCOFE

The purpose of this dike safely imspection and report is to idemtify, within the limitations of
surfictal field inspection and office review of available data, records and operating history, any
actual or potentiul deficiencies, whether in the condition of the project works or in the quality ur
adequacy of project maintenance, sorveiliance, or methods of operation. that might endanger

public salcty. The objective is to recommend immediate action for public protection where
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necessary, further studies and analyses where required, and acceptance of the present conduion of
the dike if the engincering data and inspections so justify.,

A review was made of the previously described reports on the safety of the ash basin dikes. A
detailed systematic visual mspection of the project works was performed. A relatively detailed
photographic record was made of the visible conditions of the prineipal project works. Review
was made of all available relovant data concerning the stability and operatiomal adequacy of he
praject works. Based upon resulis of the above work, an engineering opinion is given al the
reneral condition and adequacy of the dikes, as well as assessment of the quality and adequacy of

miintenance, surveillance, and methads of project operation for the protection of public safety.

The purpose and scope of this inspection and report are consistent with that outlined in Duke
Power Company’s Specification No. CSS-3102.00-00-0001, Speciffcations for Inspection af

Facilities as Requirved by the North Careding Uritities Commission dated March 6, 1991
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2. PROJECT INFORMATION

2.1 LOCATION, GENERAL DESCRIPTION AND RELEVANT HISTORICAL
IXFORMATION

The Cliffside Steam Station is located on the Broad River approximately 55 miles wust of
Clharlotte and about 1.5 miles south of the small town of Cliffside. North Carolina,  The power
plant is situated primarily on the souwth side of the Broad River and straddles  the
Cleveland/Rutherford County Ling. The Units t-4 ash basin and the Suck Creeb ash basin b
southcust of the Units 1-3 powerhouse in Cleveland County: the Unil 5 ash basin lies southwust of

the Unit § powerhiouse in Rutherford Coimty, The project location is shown on Figures 1 and 2.

The Faeilities of concern m this inspection are the earthiill dikes which impound the ash basins,
and the outlets for the basins. The Suck Creek ash basin is the only basin that is cumently being
used for disposal of ash. The Lnits 1-4 ash basin and the Unit 5 ash basin have both been rexlired,
exeept that part of the Unils 1-4 basin area is being used 2s a holding pond for yard drainage from
all the units. There also is a small dredge spoil pond within the Units 1-4 basin, A dredge that
perivdically removes sediment from the plant intake structure on the river pumps the spoil material
into the dredge spoil pond, The dredge spoil pond and the yard drainaye pond are interconnected
with a culverl. Water that accumalates in the ¥ard druinage pond is pumped (o the Suck Cruek ash

basin.

The Loits 1-4 ash basin dike is an L-shaped carthfill cmbankment with an overall length ol about
V4RO feet atong the crest. The dike was designed Lo have a 13-l wide crest at glevation TO4& Ii-
MSI.. Maximum height of the dike is about 3% ft above the outside (downstream) (oc,  Destm
drawings called for @ 2.5H:1V inside (upstream) slope and a 2111V ontsude slope to elevation 682

fi. then 23111V slape below 682 i to the woe of the slope.

The outlet for the Units 1-3 ash basin is a reinforced concrete drainage tower with bottom
discharge into a 30-inch dimneter corrugated metal pipe (CMP) which extends approximately 180
fi (horizontally) throwgh the base of the embankment at a skewed seclion located near the cast end

of 1he dike.

F.a
1
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The Unit 5 ash basin dikes are earthfill embankments, including a main dike, a saddle dike and an
access road dike.  The main dike and saddle dike are the principal embankments which formed the
ash basin. The dikes werce desipned to have 20-fl wide crest at elevation 767 fi-MSL, The main
dike is about 1460 fi long al the crest and has a maximutn height of abaut 97 It above the toe of the
outside {downstrcam} slope: the saddle dike is approximately 590 {t long at ihe crest and has a
maximum height of about 42 It above the 1oe of the outside slope (57 ft above the inside slope tee).
Design drawings called for 2.5H:1V inside slopes. a 2.8H: 1V cutside slope at the main dike and &

2 7M1V owmside slope at the saddle dike.

The outlet for the Unit § ash hasin is a reinforced concrete drainage tower with bottom discharge
it 2 Bb-inch diameter reinforced conerete pipe (RCP) which extends approximately 300 {1

{horizontally) through the left abutment of the main dike.

The Suck Creek ash basin was formed by construction of twe canthfiil] dikes acrass Suck Creek.
hracketing a 5600-fi long meandering reach of the natural stream valley for ash storage. AL the

upstream dike, the creck was diveried through a canal to the Broad River.

The duwnstecam dike, located just upstream of the original conflucnee of Suck Creck with the
Braad River, is 76 [t long. The upstream dike is 890 ft lang, Both dikes were designed 1o have
15-01 wide crests at elevation 775 (--MSL. Maximum beighi of the downstream dike is about 124
ft above the lee of the outside slope; that of the upstream dike is about 60 ft above the owside

slope 1oe and 65 11 above the inside slope toe,

The downstream dike was designed 1o have a fina) inside slope of 2. 5H:1V from the vrest down to
4 15-ft wide berm at elevation 737 fi-MSL, 2H:1V slope below this benm o a lower, 30-ft wide
berm at 675 f-MSL.; then 2H:1V slope down to prepared foundation grade.  The final outside
slope was designed to be 2.5H: 1V with 2 benms: one 15-ft wide at clevation 75 fi-MSLL and
another 20 It wide at elevation 680 f-MSL. The 251111V slope below the lower benn has a cover
of riprap desigred to be 2.3 fi thick and bedded on a 1-ft thick crushed stone layer. Boeyond the tee
ot the outside slope there is a channel leading to the river. The banks of this channe] are protected

with Tiprap.

1.}

It
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The upstream dike was designed 1o have a 2.5H;1V inside slope and 2.5H:1V outside slope down
10 a berm a elevation 730 f-MSL: then 2IL1Y slope below the berm,  The outside slepe {and

berm} below elevation 735 fl were designed to have a riprap cover.

The outlet For the Suck Creck ash basin is a reinforced concrele drainage tower with bomtom
discharge info a 42-inch diameter RCP which extends approximately 704 ft (horizontally) hencath

the downstream dike at tis left (west) abutment.

Plan and seotion views of the dikes are shown on Figures 3 throngh 8 in Appendix A,

A relatively detailed account of historical information on the desiyn, construction. operation,
instrumentation monitoring and previous inspections of the ash storage facilities up to the time of
the first independent consultant inspection is prescited on pp, 4-6, pp. 11-13 and pp. 17-120 of the

1981 repor,

In October 2003, the Linits 1-4 L-shaped ash basin dike was overtopped at localized depressed
arcas of the crest due 1o a significant storm cvent. The storm runoff caused overflow of the Suck
Creek Diversion Channel, located adjacent b e northwest portion of the Units 1-4 L-shaped dike.
The Tocalized dike overtopping and overflow of the Suck Creck Diversion Channel caused
Jucalized slope Failure and erosion on the downstream slope of the dike. The failed and croded

areas are described in more detail in Chapter 4 of this report.

2.2 SIZE CLASSIFICATION

The ash basin dikes at the Cliffside Steam Station have siee classifications as hsted in the

following tabhe.

Siwe Classifwcation
by Corps of Engimeers by North Carolina

Structune Mhaxiremnn_Llzight () Criteria State Criteria
Elots -4 Dike 38 Small Mledium
Unit § Dikes a7 Internediate large
Suck Creek Thkes 124} Large Very Large

The maximum heights listed above dictate the size classifications.

2.3
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2.3 HAZARD CLASSIFICATION

All the Cliffside ash basins are classificd “low™ hazard (Class 3) under the Corps™ guidehnes and

“Jow™ hazard (Class A} by the North Carolina eriteria, due to the lack of downstream development.

As previously noted, the Units 1-4 ash basin and the Unit 5 ash basin have been retired and no
loitger impound any significant volume of water: they ne longer serve as impoundments ind thus
the assigned size and hazard classifications no longer have any relevance with respect 1o flerd

hazard,

2.4 GEOLOGY AND SEISMICITY

The Clifiside ash storage basins arc located in the lnmer Piedmont gealogic belt, which is the
weslermmost of a series af northeasti-trending, metamaorphic belts that comprise the Piedinant
Physiographic Province of the southeastern United States (King. 1955). The predominant rocks in
tie Inmer Picdmont are gneiss and schist. Nowever, they arc imterespersed with gramitiods and a few
scattered bodies of mafic and uliramalic rocks. The peak of regional metamorphism is considered
to have ended in this area in $ikucian or Devonrian time, some 400 1o 375 million years ago (Butler.
1972}, The general rock structure in this belt is characterized by irregular foliation of low dip and

gome broad fulds transverse (o the northeast regional gealogic trend {King, 1%55].

The lugal geology at the Cliffside ash strage basins consists of biotite gneiss and schist with
suhordinate lavers of various metascdimentary rocks (Goldsmitl, et al, 1982), Small masses ol
pranitic rock are commen in ihis part of the Inner Piedmont: the Unit 5 ash hazin may bo just south

of such a pranitic uni.

The dikes are located in Seismic Zone 2A according to the Uniform Building Code Seismic Zone
Map of the United States.  According to the publication “Recommended Guidelines for Safery
Inspection of Dams™. projects that ate located in seismic zone 0. 1 and 2 (or 2A) arce considered ta
present “no hazard from earthguakes, provided static stability conditions are satisfuctory and

conventiomal safety marging exist”.
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According 1o the Corps of Engineers Publication ER 1110-2-1806 dated 31 July, 1995, “Farthquake
Design for Civil Work Projects™, consideration of the presence of liguefaction - susceptible

materials in the dam or its foundation is necessary for projects located in scismic zone 2 (or 2ZA})

2.5
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3. ENGINEFRING AND OPERATIONAL INFORMATION

3.1 ENGINEERING INFORMATION

A description of the desipn of the ClifTside ash basin dikes is presented in the 1981 independent

uspECtion report,

[n 1983, Duke Power engineers made a study of he as-built stability of the slopes of the upstream
and dewnstream dikes of the Suck Creek ash basin based on results of laboratory shear strenpth
testing of undisturbed sanples from the in-place embankment soils. A revised design phreatic line
for full pend based on piczometer measurements was used in the stabilicy studies,  In 1986, Duke
re-analyzed stabilily of the inside slope of the Suck Creek downstream dike under rapid drawdown
conditions.  In 1997, [Buke re-analyzed the downstecam slape of the downstream dike of the Suck
Creck ash basin to reflect the data available rom the installation of bwo new piezometers m 1995
(P-10 and P-11) and certain adjustments to the geometry used in the 1983 analyses of the

downstreait slope of this dike.

3.1.1 Slope Stabiliry

The stability unzlyses, as summarized in the 1986 independent inspection report indicate computed
Factors of salely which gencrally meet or exceed the conventional minimum safety factor criteria
of 1.5 for swcady state secpage conditions and 1.25 for rapid drawdown conditions {where
applicable). Some lower-than-minimum safety faciors were compuied for the mside slope of the
Suck Creek dowosteeam dike under steady state conditions. These counditions are for shallow
polential failure arcs and are considered to not threaten failure of the dike. A discussion of the
original stability analyses is prescnied in the 1986 independent report. The results of the 1983,
1986 and 1997 analyses ol the downstrcam dike of the Suck Creek ash basin are summarized as

tollowrs:
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SUCK CREEK ASH BASIN
DOWNSTREAM DIKE

Calculated
Condition Slope Factor of Safety (FS)
1983 1986 1997

Steady Stale Seepage {[rwnstreanm) - a-ae 1.69
| 996 Phreatic Line
Steady State Seepaye {Downstream) - —mas e
{Future Phreatic Line) | (Upper Slape} R - 1.t
(Pond Elevation 772) | (Entire Slope} | - —— | V3%
Sieady Sate Seepags Dorwenstream =15 — |
{Original Design L pstream 1.5

Phreatic Line}

(Pomd EL 772 #-MS5L)
Rapid Drawdown Lipstream e 1.76 -
(Il 732 to 755 fi-MSL}

' The 1.27 F.&. is lor slope above EL 725 Berm. The 1,38 F.S. 1s for entire slope. An
assumed future phreatic surface was used (see table below], with hydrosiate uplift
assumed below the phreatic line. This is conservative hecause less than hydrostatic
uplift conditions were measured in P-10 and P-11. The phreatic conditions used are
suninarized below:

" Factors of safety in the range of 1.35 1o 1.40 were calculated for shallow (4 tal0 1t
deep) potential Failure arcs on the 2E: 1V portion of the inside slope,

PHREATIC ELEVATIONS
1983 1997
Location Ifomd a1 772 Pongd 738 Pond 772

Centerline Thb 748 Thi

OW-7 ERE! TH) et
P-5 564 BEY T2
OW-8 Bl H66 a7
-9 G385 fénd 570
Tailwater 655 B35 f55

A gsumed phrcatic line rises (o clevation 744 about 14 A horicontally vpslepe
from OW-7,

The 1983 and 1986 analyses were performed by 2 method of analyses similar to the Ordinary
Method of Slices.  The 1997 analyses were performed using, the madified Bishop method. which

s judped to be more acelrate for the types of soil strength models used.
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The 1983, 1986 and 1997 analyscs used soil design parameters as follows:

SCr SO
Materizl Llnit Wt [aramelers Parameters
Foundation 501l i3 pol &—25" =0 §=—25", ¢'=0
Embankment Soil 131 pef 4=28", =800 pst ¢=34" e’ =0
Internal Drain 120 pef &30, =0 h=30", =l

{1y SCU — Sawurated Consolidated Undrained Triaxial Test (R)
(23 SCU, = Sawrated Consolidated Undrained Triaxial Test Corrected for
Pore Pregsure {K)

No stability analvses have been done for the Units 1-4 ash basin dike since ihe original work i
1936, according 1o the 1986 report. Al that time and at the time ol the 1991 report, the Units 1-4
dike was indicated as showing satisfactory performance, and it was judped unnecessary o re-
cvaluate the soil shear strenath parameters and re-analyze this dike.  In the 1996 and 2001
mspections, however, featwies were noted in the crest and downstream slope of this dike that
indicated it may be somewhat distresscd and that an investigation into s stability was advisable.

Ta our knowledge, sich a stability analysis was not performed.

3.1.2 Seismic Conditions

The crmbankments are all tolled il construction. wherein the soils were spread in layers and
compacled with mechanized equipment. Further, their foundations are not knewn to contain loosc.
water deposited sands, the kind of suoil that is most susceptible Lo liquelaction by carthquake
loading. The granular drainage blankets are comprised of elean sand or clean cinders having a
sand-like gradation. but all these naterials would have heen compacted since the ambankment
soils were compacted. 1 is concluded, based on the available information. that the embatkments

and their foundations are not subject to liquetaction by carthguake loading.

The Units 1-4 retired ash basin dike is also a rolled fill. Shallow slope failures described in
Chapter 4 of the 2001 repor indivated that some additional slope movement in this embankment
would likely occur as a result of & significant seismic event.  The toundation of this retired dike
may also contain some recent alluvium.  Additional borings were recommended tn Chapter V of

the 2001 report to shed light on the presence and character of any such alluvial soils in the area

Lad
1
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that was recommended 1o be investigated. Since the time of the 2001 repor, as described in
Chapier 4, overlopping, leading to severe eroding and failure of the lower portion of the dike
cmbankment has occurred at several locations. Repair of these arcas was ongoing at the time of

wralinp, this curent report.

3.1.3 Hydrology and Hydraulics

[n analyses of the hydrology and hydraulics of the ash storage basins, it was found that the retired
Units |-4 ash basin and the retired Unit 3 ash basin should be capable of sufely passing or storing
cunotl from the V0-year, 24-hour duration stoem (7.3 inches rainfall depth). As diseussed in
Chapter 4. a stonn cvent in October 2005 cxceeded this design storm and caused locahzed
overtopping of the retired Units 1-4 ash basin, necessitating gurrent o-going downstream slope
repairs. Mr. Steve Hudges of Duke Encry supplicd the information that about 10 inches of rain
fell over a 24 hour period during the October 2003 s1orm, carrespomding Lo a 500 vear storm cvent.
The previous analyses found that the Suck Creck ash basin shoukd be capable of passing Muod
rumnl¥ from the 172 PMP (probable maximum precipitation) storm {18.25 inches rainfall depth i
24 liours), though the margin of treeboard would be small when the hasin approaches full capucity

with settled ash,

The degree of hydrologic safety demonstrated by the existing abalyses for the Units 1-4 ash hasin
and the Unit 5 ash basin (i.e.. both safe for the 100-vear slorm) is adeguate. in our opinion, for
these retired basins which ne longer sceve as impoundments. For the Units 1.4 ash basin, this is
contingent upon repairs being made 1o the downstream slope to restore the origmal design cross-
section thal wus eroded in localized arcas during the Cutober 2005 stotm event. The capability of
the Suck Creck ash basin 10 pass a flood produced by 1/2 PMP is adequale according to the safc

design floud eriteria by both the Carps of Engineers and the State of North Caralina.

No changes or modifications have been made at the basing which would significantly change the
assumptions of the exisling hydrologic/hydraulic apalyses: thus, no further study of hydrolopy ar
hydraulics appears warranled ot this time. Pertinent hydraulic data and resulls of the analyses were

presented in the 1986 independent inspection repocl.

e
1
i1
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3.2 OPERATIONS RELATED TO PROGJECT SAFETY

Operation of the Cliffside ash basins is deseribed in the 1981 independent inspection report. We
have not been infarmed of any major additions or modifications 1o the ash storage facilines

planned by Duke al This lime.

Safely related operations at the subject facilities involve routime mspection and mainenance as

required. Inspections are carried out by Duke personnel and by outside consultants.

Flant personne] perfom routine mspections of the subjeet facilities. Duke design engineers make
ammual inspections and prepare written reports documenting their observalions. At five-year
intervals, independent inspections by outside consultants are performed per NCUC-regulations:

these inspections are alsa documented by written reports.
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4. FIELD INSPECTION OBSERVATIONS

The field inspection was done on September 6, 2006, by Mr. Mel Y. Brawning, P.I. of MACTEC
in company with Mr. Kelly Allison of Duke. Mr. Steve odges, who is responsible for on-site
dike routine inspections and monitoring and Mr. Lynn Mathis of Facilitics Planning and Siting.
Inc. (FPS) were present for the initial portion of the inspection of the retired Units 1-4 ash hasin.
Weather conditions during the inspection were partly cloudy. Waler level in the Suck Creek ash
basin at the time of mspeetion was measwied 1o be at 764.5, which is abow 7.45 A below the
maximum stop-log elevation.  The only water contained in the ald Units 1-4 ash basin is yard
drainage and waler from dredging operations; the water level was observed 1o be well below the
clevation (692 f-MSLY of the stop logs at the old drainage tower. The relired Linit 5 ash basin
contains no visible water. The uld drainape tower had been removed. Conditions observed are
presenied below. Photograpbs referenced below are comained m Appendix B, Any refurences to

lefl and right are relative to an observer facing dewnstream.

4.1 UNITS 1-4 RETIRED ASH BASIN IHKFE AND OUTLET WORKS

In Oclober. 2005, a severe, previously discussed rainfull event occurred at the site. This cven
caused averflow in the Suck Creek Diversion canal loeated along the northwest side of the Units 1-
4 ash basin dike. leading to overtopping of 1he dike at depressed locations of the crest and severc
crosion of the lower portion of the downstream slope at several locations, Duke cogaged Facilities
Platning and Siting. In¢. of Charlotte {FPS) to produce repair drawings and 10 subcantract a
grading contractor (o oversee and perform the repairs. The damage localions are showin on Figures
3 oand 34, MAUTEC was hired by FPS to provide cngineering assistance regarding repair
methodology md 1o provide seil technician services 1o obscrve the repair work and perform soil
compaction lesting during placement of structural fill. Repair plans call for restoring the falled
and eroded areas (o the previous slope contours and raising the crest of the Units (-4 dike by abuut

I ti,

Water levels in the vard drainape holding pond and dredpe spoil arca were relatively low at the

time of inspection. In Photograph 4-3A, vegelation obscured the view of the water,

4-1
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The downstreamn slope of the Units -4 rutired ash basin dike is overgrown with trees and other
vegetation as described in the earlier independent inspections,  The crest, showi in Photegraphs
4.1, 4-2 and 4-3 has trees overhanging it. There are depressiens that pond waler at some locations
in the sueface of the crest, although no ponded water was present due 1o preeeding dry weather.
Depressions of “undulations” were first observed in the crest between approximately station 10-04
and 12450 inn the 1996 inspection. A chain link fence along the weswern (inside) edee of the crest
that was added between the 1986 and 199t independent imspections shows sags o the same area as
the erest undulations (Photograple 4-23. This implies that the undulations formed since the fence
was mstalled. These depressions or undulations were still evident in the current 2006 inspection.

and appear essentially the same as they did in 1996 and 2001,

The inside {upstreant) slope of the dike is almost completely buricd with ash. only the upper part
of the slope above ash level is visible. No signs of slumping or shear failure were observed on this
slope, The outside (downstream) siope of the north end is grassed {Photograph 4-4). In 2001, the
vegetation showed minor, insignificant disturbance by mowing cquipment i a few local places. In

2006, the slope surface was obscured by hich grass cover,

A view of the wooded oulside {dovwnstream) slope of the Units [-4 ash basin dike is shown in
Photograph 4-6. Lrees on the downstream slope that had been overwrned at the time of the 1921,
1996 and 2001 reports are s(ill visible. As noted in earlier inspections, the inspection teail located
along the 1oe of this slope is still overgrown (Photograph 4-6) and more so than 2001, In 2081,
sigms ol shallow slope failures were observed on the slope between approximately stations 1100
and 13400 In 2006, such shallow slump failures and erasion were noted al several Iocations on
the downstream slope, {Photographs 4-6A and 4-8B). However, much more significant distress
wirs observed in the 2006 inspection, caused by the Oetaber 2005 storm event, Overflow ol the
retired Unit 19 Ash Basin, alomg with overflow of the Suck Creck Diversion Channel, caused
localized failure and erosion ot the downstream slopes of the dike at the numerous locations
dopicted on Fipures 3 and 3A. Significant distress ovewred within the original flal area between
the toe of the dike and the bank of te Broad River, between about Station 6+30 1o 8430, Within
this area, up 10 aboul 15 ft of the original soil averburden failed and was removed by the flood
gvent, with a vertical soil face along the dike side of the failure area. Other similar but more

kecalized soil failure areas are present at about Station 3400 and 14=00, [n these two lalter areas,
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the Failed aml croded soil volume extends laterally from the Broad River up to about the
mid-height of the downstream slope of the dike. Seepage was not observed on the sidewalls of the
failed and eroded arcas. These tailed and croded areas are seen in Photopraphs 4-4A., 4-40. 4-6C.

4.78. 4-7C, 4-8A and 4-8C.

As is the case for the downstream slope of the dike, conditions along the bank of the river are
worse than in 2001, As seen in the previously discussed photographs, the failed and eroded arcas
extended down to the river bank in several arcas. 0Old CMYP drainage pipes (corrugated metal

pipes) were observed (Photograph 4-8) which have been undermined sinee 2001

The visible part of the drainage tower is shown in Photograph 4-9, and the outlet end of the 30-
inch diameter CMP autlel is shown in Photograph 4-10 and 4-10A. The dramage structure still
appeared to be in fair condition. The stee] frame on top of the drainage tower 1s rusty. High grass
obscured the lower partion of the drainage 1ower legs. A small trickle of red colored water was
observed to flow from the end of the autlet pipe. As part of the 1996 inspection, the sediment was
sampled and sent to Duke's Metallurgy Laboralory where energy-dispersive spectroscopy was
performed and the sample was determined to be primarily iron oxide (Jetter dated January 2. 1997
o Me. Mike Mactin from Ms. Sue Anderson of the Metallurgy Vaboratory). As seen in photograph
4104, erosion and undermining of the outler pipe conerete Mume has ocourred since 2001,

apparently due to the Oclober 2005 storm event.

4.2 UNIT 5 RETIRED ASH BASIN DIKES AND OUTLET WORKS

The erest of the Linit 5 retired ash basin dike was observed to be n pood conditiom with no tension
ctacks or major depressions. The ash in the filled basin is developing a vepetative cover including

Irees,

An overall view of the outside (downstream) slope of the Unit § ash basin main dike is shown in
Photograph 4-11. Tt 2001, this slupe was observed 1o be covered with a good growth of grass. o
slumps, shidas or significant erosion were seen on this slaps in 2001, In 2006, high grass obscured
the slope. No secpage or wel arcus were nhserved on the slope above the foe. The arcas of clear

seepage and the swampy area noted at the downstream toe of the main dike in all the previous
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inspections were observed fo be essentially unchanged. The swampy area located next to the rip-
rapped toe below the right (east)y abutment is shown in Photograph 4-12 and, as in 2001, is
currently flooded to shallow depth by a beaver pond located downstream of the area.  Bushes and

small trees continue b grow in the riprap. and should be removed (Photograph 4-12A).

Cleur seepage thal was emerging at the downstream toe of the saddle dike above Cooling Tower B
{in (he vepctated area visible above the tree and (he otherwise grassed slope in Photograph 4-12B)
was nol ohserved in 2000 or the currem 2006 inspection. In 2001, Mr, Hodges had noted that
water ponds in the drainage ditch located weil beyond and below the toe of the saddle dike near
the coaling tower, The source of the water in this ditch was believed to be spring svepage from
natural ground befow the downstream right abutment of the saddle dike. The downstream slope of
the saddlc dike (see Photograph 4-1213} was observed 1o be grassed and [ree of obvious seepage or
wel arcas.  [lowever, high grass growth obscured the slope and provented a more theroagh
inspection. No slumps, slides or other evidence of shear failure were abserved on this slope,
Granular drainage has been construeted 1o intercept emerging seepage on the lefl abutment of this

saddle dike {see the rock-filled treneh visible on the kefl in Photograph 4-12R).

In 2006, the Unil 5 retired ash basin drainage tower was either hidden by vegetation or had been
removed. The lower may be seen in Photograph 4-13 of the 1991 inspection repart. The inlet
level far stormwater 1o the Tilled basin to escape through 1his tower s estimated to be at clevation
T30.5 it or 7.5 fi below the crest of the dike. based on measurements made on the lower during the
1996 inspection visit. The cutlet end of the 60-inch diameter RCP {reinforced canercte pipe)
putlet is shown in Photograph 4-14, The pipe appeared 1o be in the sume relatively guod condition
at its outlet end as in the 1991, 1996 and 2001 inspections. Little or no water was flowing in the
pipe at the time of the current inspection, “Lhe stillimg basin inta which the pipe emplics appoars in
pood condition, Apparent moisture collection forms the visual “grid” pattern on the mside walls

of this reinforced concrete basin; no free seepage was observed on the insides of the walls.

4.4
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43 SUCK CREEK ASH BASIN TMKES AND OUTLET WORKS

4.3.1 Downstream Dike

The crest of the downstream dike of the Suck Creek ash hasin was observed to be i good
condition with noy visible tension cracks, major depressions. sags o other signs of shear failure or

excessive settlement; a view ol the erest is shown in Photograph 4-15.

The inside (upstream) slope of the downstream dike was observed to be in good candition bt high
grass as shown in Photograph 4-16 obscured the slope.  There were ne obvious sigas of shear
failure or mujor erosion on this siope. The cip-rap lined intereept ditches at the abubment contacts
were in good visual condition. Minor damage 10 the right hand ditch by mowing equipment tices is

visible in Photograph 4-17. and appears unchanged since the 1996 and 2001 inspections.

The outside (downstream) slope of the downstream dike was observed to be in generally good
condition, but semewhat obscured by high grass. Views of this slope are shown in Photographs 4-
|7 and 4-18. A former siump in the lel abutment just below the upper berm had been repaired
previously: the rip-rap covering the repaired slump area is shown in Photograph 4-19. The mimor
erosion al the toe ol this rip-rap covering appears similar to the 1996 and 2001 photograplh this

area van be repaired using pravel {No. 67 or 76] 10 stabilize the erosion.

At the time of the 1995 annual Duke inspection (December 2, 19433, their repont stales: “some
wetness was observed along the downstream tight abwnment. just above the elevatian 725 benm,
however no water was flowing in the toe diteh™. However, no seepage or wel areus were ohserved
on the downstream slope duting the 1996, 2001 and carrent 2006 indepeadent inspections, and no

signs of major slope failure ar significant erosion were seen on this slope,

As shown in Photograph 4-19A, large pieces of weathered rock were observed 1o have fallen from
the rock Jedge located at the fefi abutment contact with the lawer part of the cuter slope. Some of
this rock has fallen into and partially blocks the riprap-lined ditch located at the left abuiment

contact, he situation appears essentially the same as it did in the [9%6 and 20010 inspections.
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This docs not appear 1o be causing any problems at present, but should be monitored during the
routine inspections. However, vepetation is present in the rip-rap up against the rock ledge. which
will inhibit determining if additional rock falls Irem the ledge onto the rip-rap. This vegetation

should be removed.

The rip-rap-lined channel leading from the toe of the downstream dike to the river is shown in
Photograph 4-20, and the toe of the dike is shown in Photopraphs 4-21 and 4-21A. Beaver
damining across the outtets ol this channel at the river bank present at the 1996 inspection had
been removed prior to the 2001 inspection. The flow of water from the toe of the dike imo the
channel, which had been observed in the pre-1996 inspections, was visible i 2001 and in the
current 2006 inspection.  The observed scepage was clear. However, vegetative growth in the
channel bottom made inspection of the seepage ditficult and should be removed. (At the time of
the 1986 inspection, no water had been observed Nowing from the toe of the dike though the
channel bottom next to the toe hul the tee was damp and overprown with cattanls and other

vegetation. )

4,52 Upstream Dike

Views of the crest inside (upstream) slope and outside idownsiream) slope ol the upstream dike of
the Suck Creck ash basin are shown in Photographs 4-23, 4-24 and 4-25, respectively. EHigh grass
obscured the slopes. Overall, this dike was observed to be in good condition, The grassing on the
slopes was observed 10 be good with ne significant crusion noted.  No tension eracks or mejor
depressions were scen on the crest and no major depressions were seent on the erest. No slumps,
slides ot ether sigus of shear failure were seen on the slopes. Ne animal burrows were pbserved
during this present inspection,  The rip-rap-lined abutmeni coutact ditches were abserved to he in
pood condition and unobstructed. Clear seepage was observed in the lower part of the right side
abutment ditch near the top of the rip-rap toe. The rip-rap at the 102 of the downstream slope of
the dike was chserved to comtain weedy prowth, briars and vines (Photograph 4-26). 1n 2001, the
vegetalion in the flat toe arca had been cleared to abous 15 1 beyond the foe as recommended in
the 1996 inspection. In 2006, vegetation had become teestublished in this arca, which should be
removed, The relatively flat arca beyond 1he toe was swampy and soft, as shown m Photograph 4-

26, with arcas of clear standing waler and seepage. The vegetation prevented thorough viewing of

d-fy
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the flat area beyond the top, but 1o the extent viewable, there was no evidence of boils or fast

flowing seeps carrying soil particles.

4.3.3 Oullet Works

“The visible part of the drainage tower is shown in Phatograph 4-27 and the outlet end of the 42-
inch diameter reinforeed conerete bottom discharge pipe is shown in Photograph 4-28. These
structures were observed (o be in good condition. Discharge from the pipe was clear, and no
dropouts or sinkholes were observed in the soils over the buried cutlet pipe. No seepage was

ohserved around the cuiside of the pipe at the putlet end.
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5. PREVIOUS INSPECTION AND PERTINERT REPORTS

Up through 2001, Buke engineers had made annual inspections.  An independent consultant
inspection is performed cvery five years. Since the 2001 report, aunual inspections of the dikes
have not been consistently performed by Duke. The last two independent inspection reports (1996
and 2001} wete reviewed, Neither of these reponts indicated any sericus conditions which would
immediately jeopardize the safety of the Chiffside ash basin dikes. The significant storm cvent
previvusly noted herein occurred in October 2005 The distress caused by this storm event (o the

retired Unils 1-4 ash basin is serious and repair of these distressed areas is discussed in this reporl.
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6. MONITORING INFORMATION

In August 1983, three piezometers (P4 through P6) were installed 384 to 41.4 ft deep n the
downstream dike of the Suck Creck ash basing three 11 through P3) were instalied along the
outside edpe of the erest. Each of these piczometers was sealed about 7 1t above the botlum ol the
pipe. Other details of installation for these piezometers were included in the 1986 indeperdent
inspection report. In Vebruary 1987, three ohservation wells {OW-7, OW-§ and OW-5] were
installed in the downstream dike of the Suck Creck ash basin,  Logs of installation for the three
observation wells were presented in Appendic C of the 1991 inspection report. Water level

readings in the piezameters typically have been taken on a manthly basis since installation,

In Qutober 1993, (wo picrometers (CLMW-035 and 035D, P-11 and P-10, respectively] with
respective sealed infervals from 48 to 60 fi and 92 10 104 fl were installed on the crest, with

installation details presenied e Appendix C of the 1996 inspection repart.

In November 2001, two observation wells {OW-10 and OW-11} were mstalled on the downsirearn
slope of the downstream dike of the Suck Creck ash basin, OW-10 was installed on the shpe
aboul 25 to 30 ft horizontally upslope from OW-7. OW-11 was installeed on the slope aboul 61 ft
horizontally downslope from P-3. These were installed to respond 1o a recommendation for their
insiallation contmined in the 1996 inspection report. The logs for these nstallations are contained

in Appendix C of the 2001 Inspection Report.

Approximate locations of all the above are shown on Figure C-1 in Appendix . The individual
readings of the piezomcicrs and of the water levels in the Suck Creck ash basin are plotted m
Appendix C. The pond level hetween the years 1989 and 1999 fluctuated benveen clevation 753
and about 758 f-MS!.. Bepimning in early 2000, the pond was raised and fluciuated between 762
and about 762.5 (full pond is to be 772 {t) up to late 2004, The pond level dropped briefly 1o about
758.5 11 during the first quarter of 2005, then was raised 10 aboul clevation 764 through the
remainder of 2065, The brief high pond level of the Suck Creck ash basin associated with the
Octaber 2005 storm event is not captured in the pond level data. (Pond level readings brucketing
the October 2005 storm cvent were taken on September 28, 2005, October 27, 2005 and November

A0, 2005, These three readings only varied from 7635 10 763.7 fll. Reginning in early 2006, the
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pond was raised brietly to 765 ft and then ranged between 764.3 and 764.7 through the last reading
on May 31, 2006 provided by Duke. The waler levels in piezometers P-4, P-5 and P-6 and
abzervation wells OW.-8§ and OW-92, sll jocated above the horizontal drainage blunket of the dike,
have varied little.  However, the level in OW-7 fluctuates considerably, and rose ahout 22 1t from
the fall of 1992 to the late spring of 1993, and then fluctuated about 10 ft annually; since mid-
1998, OW-7 has flucivated aboul 5 to 6 fl annually,  There appears to be a seasonal cycle in
fluctuations at OW-7 with the highest water elevations occurring i the late winter and spring and
the lawest in the fall.  This is similar o the seasonal cyele of natural ground water elevations,
suggesting that OW-7 may be aflceted by rainfall andfor evapotranspiration.  OW-10 was installed
1o verify the depth of the phreatic line under the downstream slope near OW-7. From the time of
its installation in late 2001 through mid 2006, the readings in OW-10 have mirmored e
appreximate 5 fi fluctuations of OW-7, higher in the spring and lower in the summer and early fall.
The readings of OW-10 are typically about | to 3 ft higher than those of OW-7. wiich s
understandable and expected given OW-10"s higher position on the slope. Thus, the readings of

QW- 10 canfirm the reliability of the phreatic surface readings of OW.7.

Piczemeter P-2. upslope from W=7, has a measuring interval between about elevations 723 and
730 and had a relatively constant waier clevation between abaut 726 and 730 until 19935, when it
rose to abotit elevation 740 by the end of 1995 which was some & [ abave the top of its measuring
interval. Thereafier, with some Nuctuation, P-2 remained usually between elevations 730 and 742
unitil the end of 1998, when is if declined to about 730 and then Tuctuated between aboul 726 and
731 until late 2002, From fate 20072 to mid 2006, P-2 typically ranged from abowt 740 (0 743 with
twe late in the year drops to about 730 in late 2003 and late 2004, Piczometer P11, intendual to
supplement P-2, was within the fuctuation range of P-2, uptil 12 deelined in late 1998 and carly
1999 and P-11 remain relatively canstant and showed a slight increase in clevation corresponding,
(o the increase in pand elevation in the carly part of 2000, (P-2 did not increase in response to the
raising of the pond). From late 2002 1o mid 2006, P-11 has ranged from 740 to 745, almosl exactly
mirroring the readings of P-2, except for the two apparent anomalous P-2 readings of 730 in late
2003 and laie 2004, P-10, located the same distance from the pond contact with the upstrean
slope as is P-11 but closer to the lcfl sbutment, read 20 to 25 fi deeper than did P-11 through late
2002 and has read 30 to 35 fi deeper since this time.  However, P-10 has a deeper scalud interval
than docs P-11.  Pilezomeler -1 and P-3 have approximately the same measuring, interval as P-2.

I'iezometer P-1 also showed a significant rise of 9 or 10 i in piczometric head Lo about elevation
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735 after the end of 1994 until early 2000, when it declined to about elevation 73{ through the end
ol 2002 in spite of the raising of the pone elevation at abowt this same thne. From carly 2003 to
mid 2006, P-1 has remained relatively constant a1 about 738 to 740 fi. Piczometer P-3 showud
about 20 fi of rise in prezometric head, to about elevation 746 in carly 1998, Like P-1, P-3 then
also declined in the perind beginning just befure and continuing afler the pond elevation increase
which 0ok place in carly 2000. During the 2001 inspection, Mr. Steve Hodpes informed that
piczometer P3 is sometimes difficult to read, often praducing an indication of water at about 34 1
and then again at about $1-32 feet. Since early 2003, P-3 has read mostly between 745 and 730
until neid 2006, with a few apparently anomalous readings of 730 fi during this period, possibly
e o the difficulty in reading this piczometer sinee the pond level rtemained relatively constanl at
762 100 764 11 during this period. Since the time of its installation in November 2001, OW-11 has
typically read between 735 and 738 fi. Since the end of 2003, the OW-11 readings have been
about 14 to 15 1 lower than the predominant P-3 readings of 7410 745 1,

The years 2000 and 2001 expurienced unusually dry weather conditions, this suggests the decline
i water clevations in P-1, P-2 and P-3 in spite of an increase in pond elevation m carly 2000, was
related to weather conditions. Since early 2003, P-1, P2 and P-3 have increased with the pond
level. Also. Piceometer P11 and o a lesser extent P-10 appear to be influenced by the pond

clovation,

Table (-1 summarizes the stability analysis phreatic lire clevanons at the locations of the
piezometers and ohservation wells, and summarizes the highest readings to dale n cach location

for comparisun with the clevations used for stability analysis.,

Mo settlement montinents of other imstrumentation besides the pierometers and abservation wells

described gbove are monitored at the Cliffside ash basin dikes.
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7. CONCLUSIONS AND RECOMMENDATILONS

7.1 CONCLUSIONS

As previously discussed in this report, severe erosion and slope failures were noted 10 several areas
of the downstream slope of the Units 1-4 retited ash basin dike.  Repair of these areas was
underway by Facilitics Planning and Siting at the time of writing of this report. Monitaring and

Al compaction Lesting were being performed by MACTEC, suboontracted 1o IFI'S,

The downstream slope repairs were targeted ioward the major distress and erosion caused by the
Oetober 2005, storm event. Apparent old shallow slump and erosion noted on the upper pootions
of the downstream slope in 1996, 2001, and 2006 were typically not repaired. The reparr included
placing abowt 1 1t of new fill over the previous dike crest. leveling the crest and obscuring the

previously noted undulations in the dam crest.

This 2006 inspection found no obvious signs of imminent instability or serious inadequacy of the
other ¢ikes and cutlet structwres at the Cliffside Steam Siation that would require emergency

remedial action.

The conditivns vhseeved at the other ash basin dikes arc essentially the same as those observed in
the earlier independent inspections, cxeept that moewing of grass had not being pertormed at the

time of the 2006 inspection.

Both the upstream and downstream dikes at the Suck Creek ash basio are in gencrally good visual
condition, The grass on these dikes is generally well established but needs to by mowed to allow
for inspection of the slopes. ‘The small shump noted in the 986 independent inspection on the
outside slope near the left abutment of the downstream dike has appareatly becn repaired because
o signs of the slump were observud in the 1991, 1996, 2001 and 2006 inspections. The clear
seepage emerging into the drainage channel at the toe of the downstream dike probably comes
from the drainage blanket. The wet arca observed just beyond the rip-rapped tov of the outside
slope of the upstream dike appearcd to be similar as observed during the previous independent

imspections but prowth of vegetation in this area made visnal inspection diffieult
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The water levels in the piczometers and ohservation wells in the downstream dike of the Suck
Creek ash basin are befow the design phreatic ling, however, the pond has never been higher than
about 7 i1 below the 772 it design full pand and yet the water depth readings in OW-7 have
approached the depth assumed for the design phreatic line under full pond.  Piezometer P-Z,
upslope of CYW-7. has indicated a maximum piczometric reading that is about 19 Ml below the
design phreatic line, Fowever, P-2 is a plezometer with the top of its scaled (measuring) interval
at about elevations 730, which is 15 ft below the measured maximum phreatic level and 34 1t
helow i design phreatic line. Thus, P-2 functions a5 an observation well to measure the phreatic
surface only when the pievometric reading is lower than the top of the sealed interval (723).
(herwise. the piczomelric kevel in its measuring interval is actually lower than the phreatic lime

since there 15 a vertical seepage gradient as indicated by P-4 ] and P-T4.

Sinee its installation in November 2001, the phreatic surface readings of OW-10 have cssentially
mirrored 1he readings of OW-7, but about 2 ft higher than the readings of OW-7. This is
understandable and expected since OW-10 is at slightly higher elevation on the slope than OW.7.
The readings of OW-10 have ranged from about 720 to 731 f. The resdings of OW-10 confirm
the validity of the readings of OW-7. The readings of OW-11, lovated even higher on the slope
than OW-10, have varied from about 733 to 739, again tending (o validate the previous results ot

OWe-7,

The hydrologic analvses indicate that the Units 1-4 retired ash basin and the Unit 5 retired ash
basin have the capability of containing or passing runoff’ from the 100-year storm without
overtopping.  This degrew of hydrologic safery is adequate, in our opinivn. for the tetired busing
which no longer serve as impoundments.  The October 2003 storm event that cansed overtopmng
of the Units 1-4 old dike was estimated o be a SO0 year storm.  Howewer, considering that the
hasin is retired, in our opinton, the 10 vear criterion is still adequate. The degree of hydrolopmic
safety of the Suck Creck ash basin meets the criteria established by the Corps of Engincers and the
Naorth Caroling 13am Safety regulations, No changes from the 1986 and 1991 independent
inspections were observed that would have a potentially serious impaet on the assumplions used
the hydrologic analyses. No further study of the safety of the dikes with respect to flond hazard

appears warranied at this time.
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The 1983 static slope stability analyses of the ash basin dikes at Cliffside indicated computed
faciors of safety for deep scated potential failure arcs that meet or exceed conventional minimuem
safety factor criteria, though some lower-than-minimum factors of safety are indicated lor shallow
(less than L0 ft) potential failurc arcs on the inside slupe of the Suck Creek downstream dike,
There is also an indication, as described earlier. that the design phreatic ling used in the slope
stability analyscs of the Suck Creck downstrean dike may be cxeceded under fature conditions.
This will affcet the stability. The less than hydrostatic uplifl conditions on deeper potential failure
surlaces means that the safety factors computed on deep Failure surfaces will e toe low (too
conservalive) since hydrostatic uplift asswinptions are vsed.  With this in mind, the 1997 analyses
reported in Seetion 3.1.7 showed that. under the then existing conditions {pond glevation 758 or
lower) the safety factor of the downstream siope is well above 1.5 (1.69). Because of the higler
than “thenreiical” phreatic line being indicated by the measurcments, prediction ol the final
phreatic line under full pend (elevation 772) conditions would require special compwtations (mie
clement or Finite difference modelling) that are not notmally done for ash dikes,  Thercfuore, a
reasonable assumplion of the possible future phreatic surtace was made and 1997 caleulations by
Duke produced the conservative satety [actors in Section 3,11, which are below the desired value,
particularly for the upper part of the slope.  Since it s not known how accurately ihe future
phreatic surface was assumed for these calculations, and since the calculations show the slope has
adequate safety factor under 1996 conditions. future inspections will have 10 evaluate phreatic line
hehavior at higher pond clevations in order to decide what, iF any. remedial features are necded
before full pond at elevation 772 can b safely achieved, Table C-1 in Appendix € should he
updated annually with (he highest readings achieved to date for comparison with the amalysis

phreatic elevation.

Methods of maintenance and surveillance, as they relate 10 overall project salety. appear to he
reasomably adeguate but with concems listed below.  Maintenance should continue as necdud 1o
keep u goud stand ol erosion resistant grass on the slopes of the ash dikes particularly the Suck
Creek dikes and to kecp the rip-rap-lined channel and diiches free of vegetation and other
abstructions such as the rocks that have fallen from the weathered rock ledge into the left abutment
contact ditch next to the outside slope of the Suck Creek downstream dike. Mowing of grass was

overdue al 1he time of 2006 inspection.

|
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Since the M inspection, the program of annual inspections performed by Duke engineers has not
heen maintained. Also, responsibility for maintaining instrument readings and plotting of data has
heen assigmed to personnel at the individual stations, Previously, this was the responsibility of an
individual ar Duke Corporate with knowledge of previous inspection reports and familiarity with
the previous instrument readings. The actual readings themselves, as before, are being taken by
local station personucl. in this case Mr. Steve Hodges, who is-also responsible for the on-going
maitenance of the dikes and outlet works, The plots of the readings had not been maintained and
assessed for their engincering signiticance as it was unclear who had this responsibility.  We
recommend that Duke reinstitute more centralized responsibility for the receiving and plotting of
dila from the dikes at the individual stations, in order 1o ensure (hat the data are plotted on a
regular basis to facilitate ¢ngineering evalualion of any changes requiring attention pricr 1o the &
year inspections.  The annual inspections by Duke engineers should also be reinstated and the
platted instrument rcadings up to the time of each annual inspection used 1o help evitluale any

changes noed in the annual inspections.

7.2 RECOMMENDATIONS

Cieneri]
1. No further study of hydroloaice safety is reconunended at this time.
2, The prassed slopes of the dikes should conlinue to be resecded in arcas where

gquipment has disturbed the vepetation. and the existing maimenance progran
should b continued and upgraded (o include regular mowing of the slopes.

3. Burrowing animals should be prevented from establishing themselves on the
dike skopes and abutments. A mainlenance program in which the grass cover
is mowed at least twice vearly is very helpful in this regard because it denies
prateetive cover to these animals.

Suck Creck

4, Quantitative monitering of the Suck Creek basin water level and the
piezometer water levels should continue on a monthly basis. This is important
Lo reliably measure the rise in phreatic clevations versus future rise in pond
elevations to assess the full pand stability caloulations described in Seetion
3.1.1 and in the next to last paragraph of Section 7.1, Table C-1 in Appendix
C should be updated annually tor the highest reading to date and this should
b compared to the analysis phreatic elevations.
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5. The swamp atea al the downstream ioe of the Suck (reek upstream dike
should have existing vegetation removed and vegetalion cantrolled tor a
distance of at least 15 ft from the toe to facihtate inspection observations of
this swampy seepage area, Al least annually. the vegetation in this area should
be cut by hand.  Construction of surface ditches to drain this arca would be
heipful in accessing the area for vopetation control.

6. The vegetation in the rock rip-rap toe arca of the Suck Creek upsiream dike
should be removed and then controlled by annual application of herbicide.

L:nit 5 Retived Basin

7. It is recommended that the retired Lnit & basin dike he inspected during antual
inspections performed by Duke engineers; they alse should be inspecied by
plant persoune] after unusually beavy rainfalls,

%. The vegetation in the rock rip-rap oe area of the Unit 5 basin iretired) dike
should e contralled by anouwal application of herbicide. The small trees and
larger shrubs shonld be cut by hand and removed.

Linits 14 Betired Basin

9. 1t is recommended that the retired Units 1-4 basin dike be inspected during the
annual inspections performed by Duke engineers; it also should be inspeeted
b plant personnel after unusually heavy cainfalls, or during high river stapes.
1t is recommended thal inspection trails he cleared at least once a year. just
prior to the annual Inspections, along the toes of the owmside slopes of the
retired Unit 1-4 dike 1o facilitate the inspoctions.

10, Repair of the Units 1-4 retired ash basin will include mt only the downstream
slopes, but alse placement of abowt 1 fl of new fill on the crest of the dike to
create a level surface. This will remove the previous undulating area of the
crest noed in this reporl.  We recommend that the now dike crest be
monitored for any reoccurrence of irrepular surface settlement. 11 such
sottlement is detecled, further investipation (sec below) and/or remedial
action will be neeessary,

11, M careful site observation during future annual inspection detects undulation
of the erest, as previously noted prior to the new repairs. at keast two soil tesl
borings sampled at 2.5 ft intervals 10 a depth of at Jeast 15 ft bulow the base of
the embankment soil should be made in the crest of the Units 1-4 retired ash
dike in the undulating area 1o explare soil conditions. The boring operations
should be field-vhserved by an enginecr cxperienced in geotechuical and
embankment engineering. The engineer should direct the driller 1o obtain
undisturhed samples for laburatory testing if this is judged to be advisable
based on the conditivms being encountered.
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APPENDIX A

FIGUIRES
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P dutoCAn Orawngs OnlysGectechnicals, 2006 6234—05— 643 Clitisice Slorage BaxissFLW_UNTS . dwy

RET .

Coffection Pipss S
il -, 80 aD RIVER ————
-8 RS W
T T ——-I_-—I::""f-__-'-—-——suepﬁlnk"—v’" {a-
il
(@80 i1V 1o 8. Pl

iﬁ-aa;:.il-l:w Below B 481 te Tae
=

DUKE POWER COMPANY DRAWIMNG NOS, C—2004 THROUGH C—200E
{LATEST REVISIONS DATED B/30/77) & C-2001 {LATEST REWISOM DATED &/10/58)

NOTES:

.

2 =
+ {4-3ya— + Crest ELL706 + (=2} =
~ = & e
;'l "-.‘_ ' |".'|| i1l
I 1!_F'pltlﬂl'l1 Slope : x. Covered Asl Leve! 6977, | Py & =

30" CMF Cnrlet

ARROWS {—a=" SHOW APPROXIMATE DHRECTION
OF VIEW OF PHOTOGRAPHS

APPROXIMATE AREAS CF OCTOBER, 2005
FAILURE /ERDSION ON DOWNSTREAM SLOPE
OF DIKE (SEE ALSO FIGURE 3—A)

2l MACTEC

ENGINEERING & CONFULTING, INC.
CHARLOTTE. MORTH CAROLIMNA

(3-5, 4-54)

FLAN OF UNITS 1-4 OLD DIKE
CUFFSIDE UNITS 1-4 OLD ASH STORAGE BASIN
CLEVELAND COUNTY, NORTH CARCLINA

FRA "™ 1-g-01 |"FF8  |7T8-o7

JOB NO.

6234—06— 3843 IR 3
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Tue, 09 Jon 2007 = &:27om

PNAutoCAD Orowings Onky'\Geotechricalh 200645234 =056=2841 Ciilfsice Storoge Bosin\PLN_UNITS_XAdwg

REF.;

NOTES: ARROWS (—m=) SHOW APPROXIMATE GIRCCTION
OF VIEW COF PHOTOGRAFPHS

APPROXIMATE AREAS OF OCTOBER, 2005
(00 FAILURE/EROSION ON DOWNSTREAM S10PE
OF OIKE

SITE SURVEY PREFPARED BY LATTIMORE & PEELER SURVEYING. DRAWING NQS. CHO6-1370
GATED 7/7/05. DIKE CENTERLINE STATIONS AQDED BY maAlrTEC.

10 50 1] hLi ]
ey S—

APPROYIMATE SCALE [N FEET

M MACTEC

A ENGINEERING & CONSULTING, vC.

CHARLOTTE, NORTH CAROUINA

CLD DIKE

FAILED/ERODED AREAS OF UNITS 1-4

CUFFSDE UMITS 1=4 LD ASH STORAGE BASIN
CLEVELAMD COUNTY, MORTH CARGLINA

JOB NOD.

L

I-8-03 "4 Pa

" g-o7

B234-06—3843 FIGURE
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Fryftofal Dresings DrydCackecinicg 20086 F 34 =06- 2841 Cif'g'ae Storage Basin® Xsact!,dmg

REF .-

2" Topweil (Typ.)

Creerfllng Crest Bl 692

Uriginal },.'
Grund Ene

CUKE POWER COMEANY DRAWING W0, C—2004
(LAST REVISOK DATED 6—30-77%

Concrere Diamage Tower

Approx. Rock Level

SECTION A-A

SCALE - {"=3C'

30" CMP

— —
!

Conerete |Cutoff Walk /

- "*771p;

Cinder P} Between Statioas 5+00 mml 9480 Nyerifiod (0 be Compacted
to "95% Maximwny Dessity”™ and Allowed to Contais Chey and 5t
. ¢ Battom of Cinder Fill

3 Thick Blawket Tow Dimim of Cindary Contimious From Smaion 1+30 1o
Semtion | 4-+HM Spevified Comrse, Dleay {Invders Free of Clay pond Gt

Congrete Headwll

Approx. Bock
Ling {67 into | Rock])
4 iy n ar
I L
‘ | 180"

st

SECTION 8-B

SCALE: |"= 30

WOTE: SEE FIG. 3 FOR LOCATION OF EECTIONE

M MACTEC

ENGINEERING & CONSULTING, INC
CHARLOTTE, NORTH CAROLINA

SECTIONS THROUGH UNITE +4 GLID DIKE AND BASM OUTLET
CLIFFSINE UNITS 1—4 QLD ASH S10RAGE BASIN
TLEVELAND SOUNTY, NORTH CAROLINA

SR g0 PERe PE .07

JOB MO grig-pB—3B43 FYAME 4
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N - _,_ g~ 1)t/ et
L ___é'l J
Xl
ez’ SOA
." ()
“ain DHke *
10" Wide Crest

NOTE: See Fig. 4

For Section Views Z.5H:1Y Upsizeam Siope

TEH: IV Downdresn Slog
Saddle Thke

20" Wide Crent
2.3H:1 ¥ Upemeam Sloped

2.7H: 1V Downetresm: Slop &;”
g

s ACCESS ROAD DIKE

v
¥ f
1,
il
ia
I\
0\
A\
Y
Approximare Scale Ft.
o 500 TO0H) 2000
e e ——

SLCK CREEK

Unite | & 2
Lnits 3 & 4

Units 1.4

Suck {reek

/ Q%& S
%/

SV, VYT R

NOTE: ARROWS {—e—] SHOW APPROXIMATE DIRECTION
OF WIEW OF PHOTQGRAPHS

REF. DUKE POWER COMPANY DRAWING NO. $- 23002
(BY BECHTEL CORPORATION}

2l MACTEC
CHARLOTTE, NORTH ARG

PLAN OF UNIT 5 OLD DIKES
CLIFFSIDE UNIT 5 OLD, ASH STORAGE BASIN
CLEVELAND COUNTY, NORTH CARGLINA

£ DATE 4 JCHECKE DATE
R " g0 ["B%s [P e-07
YO8 ND. B234-06- 3543 piageias b
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Tur, & Jon 2007 - L:29am

Pryatoiely Drowings DrehhGaotechnieo 200656 34— 06— 3841 Ciffsica Storage Basir'Xzecht? dmg

Towsr Atcess

Max. Finod In Bioadt Bieer

e

E. 693

-'W—im —

SECTION A-A

Embimkrnent Filier {Sang [rain)

Cravel Dyain

’ Original Grearnd Line
Vemt Hox

G E! 712,25

415"

_0
g™ Ve—
fl:_ El. 7345
Cutofi Collars

¥
195 '
1

&511

MOTE: SEE FIG. 5 FOR LOCATION OF SEZCTIONS

REF.: OUKE POWER DRAWING W03 C—I037 (LASTEST REVISON
DATED 7-—24-77) AND C—3039 (LATEST REVISON DATED
B-5-70). (BOTH DRAWNGS 8Y BECHTEL CORFPORATIONY

SECTION B-B

fnergy idimipator

a5l

M MACTEC

ENCIMECRING & CONELLTGG, o
CHARLOTTE, NORTH CAROLIMA

SECTIONS THROUGH UNIT 5 OLD MAIN DIKE
AND BASN QUTLET
CLIFFSIDE UNIT 5 OLD ASH STORAGE BASIN
CLEVELAND COUNTY, MORTH CARCLINA

E DATE

v -840 1

RTH V= 8-07

MO Ep34-0E-3843 | FIOURE 6
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Twe, Q% Jan 2007 — B:79am

FryperleCAl vomings Onhe Secteshnieal 20065 B2 34— 08 3043 Clitfaioe Etarage BuzinySUCK{K_HKES.dwg

20" Wdnlnam @ B 408, 15" Wide Borm lf

25Kk TY Bepe Bniow B 715 (4=17)14-15)

[4;13] Ij 15" Wide Bermm 10
' 1. 737

DOWNSTHE AWM BIKE

15" Wide Crest

~ BT

[ 2. 3H:1¥ Hope

%

“15” Wide Berm = E1 710,
IH. 1Y Skope Below Berm

UPSTRL AM DIKE

SLUCK LREEK
ASH RASIM

MOTE. ARROWS [s—me— ) SOW APEACYSIATE SIRECTICN
OF VIEW OF PHOTOCRAPHS

REF DUKE POWER COMPANY TRAWING WO Cw 2015
(REVISON DATED 4—17-81}

0 260 GO0 . 1000
APPROLSCALFFT.

2 MACTEC

ERGIERING dr COATRN TIVG. N
CHARLOTTE, RORTH CAROLIMA

PLAN OF SUCK CREEK DIKES
CUFFSIDE UNITS 1-5 NEW ASH STORAGE BASIN
CLEVELAND COJNTY, NORTH CARDLINA

SR "8 PR 77007

JOBNO. go3s_pE—Quen | FIGURE
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Tue, 09 Mon 2HHI? — B30gm

PwputoCel Drawings Jnip Geotashrical, 200662 —16— 1843 Clfisids Storage Blamin®,Naseid dwy

Pl [l Comptriacthen Conatruction

o0 | L

?- Dike 1.5 _.'il! m Terwer

/ El. 774.5

15"
&1 I Topi of Ash El. 770 = AL RN
) |
L5 //"‘\ 15 |l Compacted Earth F&l

Cover Ower Fipe

| Phome | (Note: Drewing
Does Mot Show Stage |
af Phase 11 aad the Finsel

Herm at E1. 7373

219’ T o9 176.5" 55

Haniket Dwadn {Coarse Fiter

Thickened to 6 Aloag Pipe)

SECTION A-A -‘ﬂl
Top of Ash EL. 7725 £L. 175 blarker Drmis EI 730 1o FI. 750 (12" Comrse
DOWMETREAM DIKE AND QUTLET 25 Phase _~” Filtes Sandwiched Between Two 5” Laymun. of
1 = Fine Filter)
} E. 745 ) 1
== oty siprap to ElL 735
M=r==N= SRR
¥ =g e \ .
= =il SENEN SRT=rs
Phase | == #:,ﬁ:__-—- =

P 11

 Lomed Toe Brain
'

Stuge 2

Plise (1, Stage |

NWL Ll 660 o - ~ DA _
Duzped ) (—-—y FT Lateeal TT Zoned Blanket Dnin mh} (Hg‘::: Tue
" I B e 3 L2 N : Area Vot 1 On

560 { Bedded on 1" Thick
Crushed Sfone Abhove Toe
Do {rathet )

Extend to El. 745 {Grouted )

(12" Coarse Filter Cosrme Filter Wrapped With Filter Enbric
Sandwiched Between

T'we " Layers of Zone of Fine 5ol As Approved vy the Engineer {Phass 11}
Fime Filter) G .
Dowmstrearg |3 Poist of Total Base Width (Phas L)

l

SECTION B-B

DOWNSTREAM DIKE

Far Phase 1§, Note Specified 1o Cut Lute
Exiating Stope of M | Dike As Foyuivea

to Provide 15" Width [or Placement of “Group

Fil

Toe Drain 15" Wide RBerm & EL 739

SECTION C-C

PsTRE .

MQATE: SEE

FIG, 7 FOR LCCATION OF SECTIONS

REF.: DUKE POWER DRAWING WNDS, C-20154

AMD

C—235B (BOTHF WITH LATEST REWVISONS

DATED 01 /19B1.

Zf MACTEC

ENGINEERING & CONSULTING, INC
CHARLOTTE, NORTH CAROLINA

SECTIONS THROUGH BUCK CREEK DIKES

AND BASBIN OUTLET

CLIFFSIDE UMIT 1-5 MEW ASH STORACE BHASIM
CLEVELAND COUNTY, WORTH CARJLIMA

SR

T pth [ RV [Peo-o7

HE NG B23e-06-0845 | FIEVRE
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APPLENDIX B

PHOTOGRAPHS



Gl fule
MACTEC Prpjoet Vo, BI048-06- 3817

Sttty 8, TG
Pargre 1

Remarks

Photograph 4-1

Crest ot Units 1-4 old
asl basin dike (15 10 W
viewh Depressions
preseal 10 erest os in
2000 mespection, T
olseured
photeurapb By high
BEARS.

Remarks

Plwtowrpl 4-2

Crest of Tmts L4 ald
ash basin dike -

caede Al o fenee
urtelaniged oy 2000,




CHiffvide
MACTEC Project No. 6234-06-358.43

Savindry 8, M0
Pirge I

Hemarks

Photoeeaph 4-3

Crest of Umits 1-4 ald
asl basin dikee (1 Lo W
viewh west of

urelulatiog area. Lligh
grass obscures grourd
surfuge in photograph.

Bemarks

Pheograph 4-4

COiutsicle downsbream)
slope north end of
Uit -4 old ash
sloragze hasin area,
Slope surthice
obscured by high
LRSS,




Cliffvide Suntary § 2006
MALTEC Prafect No., 6234-06-3843 Page 3

Remarks

WET T -".--m.r,rmg:g:n
o j ol Photopraph 444

e A

Failed and eroded area
of downsiream slope
and toe of Units 1-4
old agh basin dike, o
aboul dike centerline
ataticsn 3400,

Remarks

Photograph 4-113

I'ailed and eroded area
at station 300 viewed
locking toward 1he
Units 1-4 old ash
bazin dike centerline.




Chiffiide
MACTEC Project Mo, 62 14-06-3843

Sarusgey 8, 2094
Fape d

Remarks

Photograph 4-5

Tree prowth ohscures
yvard drainage holding
pond and dredge spoil
pond in Units 1-4 old
ash basin area from
vigwpwint ol 2001
inspection
pholopraph.

Remarks

Photograph 4-34

Yatd deainage halding
pond and dredge spail
pond in Units 1-4 old
ash basin area,
Photographed from
lower vantage puint
than photograph 4.5
1o have sumewhat less
abstructid view.




CHiffvide
MACTEC Project No. 6134-06-3843

Jangry &, 36
Page 5

Remarks

Photrzraph 4-6

Woodsd oulside
{clovmnsireanm) slope ol
Linits 1-4 old ash asin
dike. Wote uncleared
aecess toad.  Additional
vepelalion on AcCess
road compared to 2001
Inspection,

Remar ks

Photowpraph 4-6A

Apparcnt old
ercded/slump area on
upper portian of
downstream slope of
dike, at approximately
station 3+, above the
rully of Phwograph 4-
GB.




CTiffside
HACTEC Praject N G230-06-3813

Sannary 8, Mt
Fage G

Remarks

Photograph 4-6B

Eroded gully, about 5
ft deep, on
downstream slope of
Units 1-4 old ash
basin dike, below
upper slump/eroded
area of photograph 4-
6A.,

Remarks

Photograph 4-6C

Failed and eroded
lower portion of
downstream slope of
Units 1-4 old ash
basin, about 15
deep, extending from
about station 6+50 to
B+350.




Ciliffside Juedry 8, 2006
MACTEC Profect No, 62 34-006-3843 Ph'is 7

! Remarks

Photograph 4-7

See pholograph in
2001 Inspection
Fepart.

Remarks

Photopraph 4-7 4

See photograph in
2001 Inapection
Report,




Cliffside January §, 2004
MACTEC Project §234-006- 1843 Pape 8

P ] _wa_ ]

Photopraph 4-7H

Approximately 20 i
deep failed and eroded
area at downstream
slope and toe of Units
1-4 old ash basir dike
at aboul stalion

L 1+00.

Photograph 4-7C

Failed and croded arca
of photograph 4-7B,
viewed rom abowve,




Cliffeidfc
MACTEC Prajeed Vo, 6234-06-3547

Seerrend ey &, 20
Fripre ¥

Remarks

Photograph 4-8

Drain pipes at edge of
river below toe of
outside slope of Units
1-4 old ash basin dike.
Ground has eroded
more below conerete
since last inspection.

Remarks

Photograph 4-8A

Failed and eroded
lower downstream
slope of Units 1-4 old
ash basin dike at about
station 8+00,




CTiffeide
MACTEC Projecs No, G20 0-060- 3843

Sernary &, 206
Page 1

Remarks

Photograph 4-8B

Apparent old
slump/eroded area on
upper portion of
downstream slope of
Units 1-4 old ash basin
dike, above recent
failure area of
photograph 4-8A.

Remarks

Photograph 4-8C

Failed and eroded
lower downstream
slope of Units 1-4 old
ash basin dike, at about
station 10-+00.




Cliffside
MACTED Projece No. 62 348-06-3843F

Setraiier e 8, o0
Fige 17

Remarks

Photograph 4-9

View of Units 1-4 old
ash basin drainage
tower. High grass
obscures the ground
surface.

Remarks

Photograph 4-10

Cutlet end of 30-inch
CMP outlet for Units
1-4 ald ash hasin.




Cliffside Jaruary 8, 2006
J'F!ALTEC Project Mo, 52 34-08-T843 Puge 12
Remarks

Fhotograph 4-10A

Severe crosion wnder
and damage to
conerate flume of 30
inch CMP cutlet Tor
Units 1 -4 old ash
hasin.

Remarks

= |

Photopraph 4-11

Cutside {downstreann)
slope of unit 5 retired
basin main dike.
Slope surface
obseured by lngh
LTass.




Cfiffside
MACTEC Projeot N 6784-00-1841

Sy & 20040
Puapre 13

Remarks

Photgraph 4-12

Arca ol seepape and
sbanding weater at base
af outside
{dlorarnstrenm) slope of
unit 3 retieerd basin
e dike now
coveratl by heaver
pomdd,

IRRemiarks

Plustograph 4-124

Rap-rap covered
downstreamn lower
slope ol outside
{dewnstream) ilope ol
unit 5 otived ash basin
main dike, Nl
bushes andd vegetation
Lrowing in rip-Gip.




Cliffsidy
MACTEL Frajece Mo, 6334-06-3843

Saruary & 2080
Pape 14

Remarks

Photograph 4-12B

Downstream slope of
saddle dike for unit 5
retired basin above
cooling tower B, No
suepauge observed in
overgrown low area.
Hizh prass obscures
slope surface.

Remarks

Photograph 4-13

See photograph in
1991 Inspuection
Report,




Chiffsids Jarzary 8, 2006
MACTEC Praject Mo, 62 38-06-3843 Fawe 15
Remarks

Photograph 4-14

Outlet end of H0-inch
BCP outlel tor unit 5
reticed ash basin,

Remarks

Bhotograph 4-13
Crest of Suck Creck
downstream dike {E ta

Woview].

Mote high rrass,




Ciiffide
MACTEC Praject Na. 62 34-06-1841

Setirpperry &, 240G
Pigrer 163

Remarks

Photograph 4-16

Inside slope of Suck
Creek downstream
dike (W to E view).
High grass obscures
the slope surface.

Remarks

Photograph 4-17

Outside slope of Suck
Creek downstream
dike (E to W view),
High grass obscures
the surface of slope
and OW-10 and OW-
11 on slope.




CPiffside
MACTEC Propect N,

V-8 3

"

¥

e

ThEs s
T

At
¥,

Serey 8, 200
Pape 17

Photogeap 4-1%

View of upper herm
om ouksice slope
Suck ook

s nistn

Phasleserapty 4-14

Laperugr Blanket over
previceesly e

uripy. sail
conlinues o eecr at
Lowe Tip-rapr. Mot
Ll Llrass an
sl




Cliffide Janrary 8, 2006
MACTEC Project Mo, 6234-06-3545 Fupe [&
Remarks

=

Photograph 4-194

Suck Creck
dovenstream dike. Jelt
ahutimenl contact.

W eathered rock fallen
into rip-rap lined ditch
wizible in 206)1
phatowraph obscured
by wepetation in 2004,

Remarks

Phostograph 4-260

Kip-raped channel
below toe of autside
slope of Suck Creck
downstream dike.
Fhigh grass ohscures
slope surface aml
bottom of spillway
channel.




CHiffdiler
MACTEC Prgect Vo, A230-00- 3803

Sunneery 8, 206
Poge M

Remarks

Photograph 4-21

Toe of outside slope
of Suck Creek
downstream dike.
Vegetation obscures
area below toe of the
rip-rap, in area of
former beaver dam
pool.

Remarks

Photograph 4-21 A

Right abutment rip-
rap lined ditch viewed
from toe. Note high
grass on slope and in
pool below toe of rip-
rap.




CHiffvide

Sy 8, 2000

MACTEC Peofeet Yo, 6208 06-3843 Papre F0
Remarks
o iy k- T A x B (A Y gl R T
e U T M e £ w:ug - R - _ti o -

i‘:"a.' 4_ s R é o ek it "f‘._\ 7 Photograph 4-22

v 5 -4 = B -

Bt i ;| : L R A

5% i sipa TR CIR R o As in 2001, seepage

S g e '"L,.," s, ST 3 emerging from under

o S NS o rip-rap at base of both

‘ﬂ'ﬁ - o B b e : left and right banks

3 e b LT e near upstream end of
i channel shown in

Photographs 4-20 and

i 4-21. MNote high grass
in bottom of channel.

=

A

£ 3 J‘::..‘:'—ml ;
o -

Remarks

Photograph 4-23

Crest of Suck Creek
upstream dike (NE to
SW view). High grass
growth obscures the
dike side slopes.




Cliffside
MACTEC Project No. 6234-06-38:43

January §, Mb
Page 21

Remarks

Photograph 4-24

Inside slope of Suck
Creck upstream dike
{3W to NE vigw).
Slope sorlace
chscured by high
Urass.

Remarks

Photograph 4-25

Chutside slope of Suck
Creek upstream dike
(N to 3W vicw),
Area to night of rip-
rap lined ditch was
waet




Cliffside
MACTEC Frofect Mo, 8234-06-3543

Janaaey 8, 2006
Fape 22

Remarks

Photograph 4-26

Wet area beyond rip-
rapped toe of outside
slope of Suck Creek
upstream dike, In
200, area had been
cleared of vegetation
o approximarcly 15 &
from toc of rip-rap.
Vegelation has
hecome re-established
within this 15 f arca
in 2006,

Remarks

Photograph 4-27

View of Suck Creck
ash basin drainage
tower.




Cliffside Sannary B, 2006
MACTES Project No, 6234-06-3843 Page 21

I Remarks

Photograph 4-28

Cutlet end of 42-inch
T owilet for Suck
Creel ash basin,
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ATTENDIX C

MONITORING 1DAT A



-SJUIAUNIISUN I5AY] [0 LOTIE][BISUL A0UIS “UOTIEMIDNY J|11| Yl “padusyaun || 2302l paurewal asey sTUPEI 355y ),

C-1

{9007 Ale3) / $97 UL TiL pud
$OL 9007 AR/ 9FL T3 a9. LTLCTL Tid
T9L 0007 1 S1L 49 a9 CR0-(94 od
794 /12007 MBI [£) 09L e ar T
Lo ABOOT M) TEL ari 6 L-i0f 010
+F95 0L (13UE[g) ¢ REY CLG- 199 60
«F99 9.4 (IquRlg ) §'659 CHU-E 159 §MO
847/ E661 7 TCL St Pl Ibi-E1L LA
+L§9 {153ue|q) $89 -0gYy h g
#9890 Th {IUR[q} F95 680-789 |
«L89 {13Ue[q)} (BG 169-980 rd
<0z /{9007 AHE2) 054 £9L DEi-ET4 £d
SO7 /(9007 AR}/ L FoL £ Oti-ted td
794 LE00T PULY  OFL £04, GEL-5TE 1d
h.m_m._ .m..m_m._ _.m..__r_.u_ﬂ:— m.ﬂ._:._mMm.E ._.___.rﬁ.,.. 10 ._uun..,_hcwﬂ_n_
UGIIBAT] A pua, ] aJeg/auipesy 153211 UDM1EAI[T MIEAIL,] SISATRUY

CFES-00-FET "oN 12loag DTIDVIN
SONIAVAH 40 AMYIKINIS
-3 A TAVL




WSROI SR MEL INOZ AN BRE0N 1002 TW2INHOZL03T OF




S (O0-15-5) SlayRW0Zad S0

3lva

e0/ oL O0fLfL S6/1 1 26171 BRI Fai
_ . _ T

| - 264
| &

i t ¥oL

AL BCEE e
i _

082

ELEVATION {ft)

_ zad

I
LOHGE2 = NOILLYARTE ANOd 1IN N2IS3d 294

i i
|

_ _ _ . _ 0LL

NOLLYAI TS ANOd
NISYE HSY Y3342 MONS « NOILYLS WY3LS 3a1s44110




BOL

1% (00~ 1£-5) siMBswozald §D

J1vd
VoL Ak ag/LiL Z6/L11 88/111 PoILIL
559
B R s L dminnanitatieons it il
1 1 1 { 1 i i t _ cag
(‘%233 7d mﬂﬂ ety
_Hmﬁhvmrg@l.nl Mm L ——
WHELT {979} QMO —8B— cro
mm 20 —a— L) S —=—
£0/) 24 —=— UDHEAB|S PUC —%—
?@; 59
| 565
1ol
| N I
GlLL
| [#% | 4 ™
F . <
| ﬁw CEL
o
Sttt
a5l
GOl

SE+€1L ¥Y.1S @ IMIa HSY ¥3IMOT
NISYE HSY Y3342 M2NS - NOILYLS Wv3ls 3A1S44170

ELEVATION (ft)



B0/

FOfLSL

S(80-1£-6) sseemnzald §0

31v0a
QOfLfL 867 Lk Z6/1iL gafLfL tEILIL
059
099
049
024
_ _ _ 1 T “ 0&9
('n213 Zd pazfievy} _
{00} BARD —B— 0L
(,029) BMO —5—
(,.£890) d —e— OLi
(gal) Ld—8— — :
UONEAS]T PUOd —N— _ 0z
- 0EL
ore
1-!!!:1-.. 052
0G)
024

SE+Z1 V1S @ DUIA HSY ¥IMOT
NISYE HSY ¥IFHD HINS - NOILVYLS WY3ILS 3AIS3dND

ELEVATION [ft}

-9



S (90-LE6) s1sPW0zAd 82

J1vd
goisl O L QorLrt Q&L L 26!/ L1 gariel e
’ : . 089
_ |
= | _ 069
('A213 Zd pazAiEuy) ] 002
| L0od) LG >
{830) 0d —e— -
{£82) £d —B—

UONEAS|] PUOY —%— .
0zt Z
c
-
o
-
bes W
[T}

- QFL

sz

0oL

DLd

Ge+bl V1S @ IMIAQ HSY J3IMOT
NISYE HSY MI34D MONS « NOILY LS Wvals 3qISd4n0

C-h



JE01E et M N

Energy. Eng et i SE1GE 722
¥ia Certified Mail 7008 2810 0900 g330 9260

LLEE ENERGT COESQRANION

March 25, 2009

Mr. Fachard Kinch

L15 Environmendtal Protecuon Apency (3306F)
L) Pennsybvamia Avenue, MW

Washingtom, 130 20ME0

EE: CERCLA 10d{c) Request for Information
Clhiffside Steam Staton
573 ke Fower Road
Moovresborg, Morth Carpling 258114

Deaar Mr. Kinch,

Duke Encrgy Carolinas, LLC {TDEC) hereby responds to the request for mlormation the EPA
submmitted to the Chffside Steam Station, fetter dated March 8, 2000, under Section 104(e) of CERCLA,
42 USC § 9604{e), relating to surface impoundments ot sirmilar diked / bermed management wuts which
receive hquid-borne material For storage or disposal of residuals or by-products from the combustion of
coal. DEC received this request an March 12, 2009, and today's response complies with the 10-business
day deadline.

The attached responses are full and complete and were developed under my supervision with
assistance from [uke Energy's FEngineering and Techrucal Services group. The foliowing clanfications
should be noed for the attached responses,

+ The responses in this submittal are for surface impoundments and the associated secondary /
clanfying ponds used 1ot temporary or permanent storage of [yash, bottom ash, boiler slag, and
fluc gas emission contral tosidues at this station (heremnafter “coal combustion by-products™.

o Thest ponds are alse an integral part of the stalion’s wastewaler treathent systermn used to
manage wastewater before discharge.

*  The responze o the guestions dees not include ponds that are retired # closed and which no longer
contain free liguids.

+  The responze 1o questions does not niclude landfill runoff collection pends or any ather
miscellaneous ponds f impeundments that are ngt designed ta or do not regularly receive and
siore coal combustion by-products.

*  Whers actual measurements could not be collecred withim the umeframe allotted by CPA, DEC
has provided cstimates, which are noted as such,

o The criteria that DEC used w identify any spalls or unpetmatted reteases over the last 10 years m
the response to Question #5 mclude the falore of physical pond or impoundment structures De.
berms. dikes. and doscharge sructures); the crikema do not include exceedances of the NIFTIES
discharge limits that have ajready been reported in the dizcharge monitoring repoet.

i certify that the intormation contained n this response 0 EPA’S request Tor inforntation
and the aecompanying documents is true, accurate, ¢nd complete. As 1o the identificd portions
of this peeponse for which [ cannot personally verify their accuracy, T eertify under penalty af
law that this response and ail attachmoents were prepared in accordance wilh a system desivned to
assure thut qualified persennel properdy gather and evaluate the informatien subnitted, Based on
my inyuiry of the person or persons whe manage the system. those persons directdy respunsihle



for pathering the tnformation, the information submitted is, to the hest of my knawledge, true,
aceurale, and complete. [ am awere that there are significant penaliics for submitting false
information, inchuding the pessibility of fines and unprnisonment for knowing violations.

[f you have any questions regarding roday’s submittal please contact Richard Mesers at
our corparate offices at 317-838- 1953,

Sincerely,
Dukc Enerey Carolinas, LLC

Barry E. Pulskamp .
Senior Vice President Regulated Fleet Operations

Attachments (3)

Responses to Enclosure A
Inspecion Repore
Confidential Business Information

Lo Bick K. Roper
liffside Steant Staton
{icneral Manager [T Regulated Fossal Fleet
Steve Hodpes
Senior EHS professional

Richard J. Meiers
Frincipa: Envronmental Scientise



Attachment # 1

Response to Questions in Enclosure A

Chiffside Steam Station

March 25, 2009

1. Eelative to the Mavonal Inventory of Dams cntena for High, Significant, Low, or Less than Low
Hazard Fotental, please provide the reting for cach management unit and indicate which State or federal
regulatory agency assigned that rating. i the unitdoes not have a rating, please note that fact,

Mo State or Federal regulatory agency has assipned a rating relative to the National Invenkory of
Diams criteria for the management wnil 2t Cliffside Stearn Station; hewever, the North Carolina
Unlives Commission has elassified it as low hazard under the NC Dam Safety Rules due bo the
lack of downstream developmenit.

2. What year was each management unit commissioned and expanded?

Primary Active Ash Pond was commussioned in 1983

3. What matenals are temporarily or permanently contained in the unit? Use the following categenes w
respond to this question: {1} fly ash: (21 bottam ash: (3) boiler slag; (4] fluc zas emission conmal
tesiduals; {3} other. If the management unin contains more than one type of material, please jcdentify all
that apply. Also, il you identify “other.” please specify the other types of matenials that are terrporanly or
permnanently contamed in the unils).

[ Management | Active Pond Retired Unit 14 Basin*®* | Retired Unit 5 Basin®**
Linit

1 R

' Cantents 1,2,3,4.5° 5 - 5 ]

* “Other” incledes water treatment. bonler blow down, floer and labomtory drains and drains from
equiptnent cleaning, coolmg wer blow down. boiler chemcal cleaning wastes, storm water runeff, coul
piie runolf, and fire proteclion, and mull rejects.

** This closed ash basin is now wsed to ransfer ligueds Totn vards and plant sump drams 1o the Active
Pond.

*** 4 section of this closed ash basim i used for eroston control sediment pond for new construction



4. Do you have a Mrodessional Eogineer's eertiltvation for the safety (structueal integnity) of the
managemert s Please provide a copy 1t you have one, If vou do not have such a cenification, do
¥ou have other documentation attesting o the safety {structural integrityy of the manapement waafs)? 1
50, please provide a copy of such documeniation.

It 15 4 North Carelina Utilities Commission (NCUC) tequrement from 1976 to have an
inspection performed every 5 years by an independent consuilant who uses a qualificd
licensed professianal engineer. Per NCUC Docket No. E-100, Sub 23, routine inspections
are done to assure structural imeenty. The most recent repott is attached {Attachment 2).

5. When did the company last assess or evaluate the safery (ie, structural integrity) of the managemen
umit{5)?

The management units listed in the response 1o guestion #2 was last inspested in September,
2004,

Brefly describe the credenuais of those conducting the sruectural imegrity 2ssesemenisfevaluations.

MACTEC is an industry feader m caginesnng, environmental, and construction services to public
and prvate clienks worldwide. Based m Atlanta, MACTEC mncludes 3,000 employees in 80
logations.

[dentily actions taken or ptanned by facility personnel as a resulr of these assessments or evaluations.

See attached inspection report {Atachment 23 Typical findings thal require corrective actions
are: Treat excess vegetation, clear diwch hoe of sediment and debris, re-seed sparsely vagarated
and disturhed areas, or mow slopes in a diagonal pattern running ransverse to existing rut lines,
Other more site specific maintenance items are detajled in the reporis.

If corrective achions were taken, brielly descnbe the credentials of those performing the cormective
actions, whether they were company erployecs or contractons.

See attached Inspection report (Atachinent 2), Duke Cnergy’s Generation Engmeering
Diepartment provides enpinecring oversight, review, and documentation of mamtenance done and
repaits made. The inspection report and commective actions are filed with the NCUC.

[T the company plans an assessment or 2valuation in the future, when is it expecled o ocoor?

Duke Energy Carolinas’ inspection prupram requires an annual inspestion. We may di these in-
bouse by qualificd personnet or we may elect 10 contract the annual inzpections. . Monthly visual

inspections are conducted by Duke Energy personnel. A visual imspection is aiso conducted after
a sigmificant ranfail, The next 3-yvear imdependendt mapechon will be completed in 2011,



& When did a 31ate or 2 Federal regulatory officaal last mgpect or evahuate the safety {structural integrity)
of the management unii(s1? 1F vou are aware of 2 plarned state or federal inspection or evaluation wm the
future, when is it cxpected to occte”? Please wemify the Federal or State regulatory epenuy or department
which conducted or 15 plannmg the inspection or cvaluation. Please provide o copy of the most recent
offivial wnspection report or evaluation.

The MNorth Caralma Department of Environment and Natural Resowrces (NCDENR) [ivision of
Water Quality and Division of Land Quality staff inspected Chfltstde Steamn Station’s Ash basins
on January 13, 2009, There were no issues or deficiensics identified in the inspection report
trom NCIDENE dated March (9, 2009, No other State or Federal regulatory officials have
performed ash pond dike inspections in the last five vears. DEC is not aware of any federal or
stake agency mspechion reports. It is a North Carclina Unditics Commission (NCUC) requircrnent
from F976 1o have an inspection performed every 5 vears by an independent consultant who uses
a qualfied licensed profesgional engineer. The ast such mspection oceurred in Septemtber, 2006,
The next sueh inspaction wil] peowr i 201).

T. Have assessrnents or evaluations, or inspections conducted by State or Federal regulatory officials
conducted within the past year uncovered a safery issue(s) with the managerent unit(s), and, if so,
desemibe the actions that have been or are being taken to deal with the issue or issues. Please provide any
documentation that vou have for these actions.

DEC is not aware of any safety 1ssues discovered as a resudr of any assessments, evaluations, or
nspections conducted by State or Federal regulatory officials at the Cliffside Steam Sabion
withmn the past vear.

8. What iz the surface area {acres) and total sterage capacity of cach of the management units? What i
the volume of materal current]y stored in each of the munagement umifs). Please provide the date that
the volume measererment was taken.

The response 10 this question contains Confidential Business Infonmanen, which 1z of a
competitive and commercial nature, pursuant to 40 O F R Part 2, Our response 15 therefore
provided i a separate attachment {Attachment 3), which has been labeled “CBL" DEC requests
that EPA treal the information in Attachment 3 as CBI and satepuard it from inadvertent
disclosure and contact DEC if EPA receives a request for this CBTL

9. Flease provede a beief history of known zpills ot unpermitied releases Trom the unit witkn the last ten
vears, whether oo oot these were reported to State or federal regulatory agencies. For purposes of this
gueston, please nolude only releases to surface warer or 1o e land 1do not inclinde refeases o

aroumdw gter).



On Oclober 7, 2003 the Cliffside Steant Station experienced a significant localized fogd
event. The Doodwaters from the Suck Creek entered into the retired Units 1-4 ash basin,
topped the top of the dam and washed away part of the basin's dike.  Notifications were
made to the North Carelina Division of Water Quality. The dike was repaired. There
have been no other spills or unpermitted releases from any of the management units listed
tn response #2 over the past ten years.

10. Flegse wdenufy all curtent legal owqer(s) and operator(s} at the faciliny.

Duke Energy Carolinas, LLC is the legal owner and operator at the facihiy.



Afttachment #3

CBI

This attachment contains Confidenoal Business Information, winch s of a compebiive and commercial
nature, pursuant o 4 O F R, Part 2. DEC requests that EPA ezt the information in Attachrnent 3 as
CBI and safeguard 14 fom inadverient disclosure and contact DEC if EPA recerves a request for this CBL

Cliffside Steam Station
Response to Question # 8

Active Pond

o 24 acres i tofal serface area with 3,023 acre/feet of total storage volume
o The station csumated in January 2009 that the pond was approarnately §0% {ull
* The ash bazin maintains at least a capacity for free waler volume that 1s sufficient
12 handle maxirmum 24 hour flows including 2 10 year 24 hour rainfall event.

Retired [imet 5 Basin
©  This basin was 46 acres but has been closed and coversd with sail; a seeion i5 used for
ergsion control sediment pond For new comstruchon.

Retired Tlmits | ¢ Basin

@ 14 acres o Wotal surface area with no avalable ash storage arca. This pond 15 used o
trensfer hguids from yards and plant sump drnns to actrve ponds
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Reporl of Safety Inspection
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Law EMQINEFRING TEETI MG COMPLMNY
Qocinchrrcal, arvrr it & CONIRECinn MEtisks oordsarta

501 MINUET LANE
PO, BOA 11297 ¢ CHARLDITTE, NORTH CARDLIMNA 28220
(704 5232022

october 12, 1981

Caka Powar Company
Civil/Environmental Division

P. 0. Box 33189

Charlotte, MNorth Carcglina 28242

Attention; Mr. 5. B. Hager, Chief Engineer

Subject: Report of sSafety Inspectien
Duke Powar Cliffside Steam Station Ash Dikes
Cleveland and Rutherford Counties, MHorth Carclina
LETCo. Job Wo. CH 4581

Gentlemen:

Law Enginearing Testing Company 13 pleaged to submibk the following report
of cur safely inspection of the ash retention dikazs at the Cliffside Stean
Staticn. The study was performed in accordance with our letter dated april
15, 1981, and was authorized by your letter of Hay 1, 1931. The safety
inspection was made to comply with the Worth Carolinma Utilities Commisaion
Order, Docket Ro.: E-100, Sub. 23, which reguires earh Horth Caroling
Electric Utility Company bko schedole pericdic inspection, by an independent
consultant, of each dam owned in Worth Carolina and not covered by the Horth
Carclina Dam Safety Law, HSCG 143-215% or by the Faderal Power Coomisaion
Iicense. The inspection was done in the fifih year of Duke Power's initial
five-year plan for indepandent consultant inspectlon.

Our fiseld inspection found no exdternal, presently visible, slgng of
deep-srated instabkility of the ash retention dikes at the Cliffside plant.
Our hydrologic analyses indicate that the dikes should have adeguate
hydrologic zafety. The results of the fleld inspection, as well as office
review of avallable engineering data and historic information, indicate no
cauge Eor additional study of structural stability or hydrologic safety of the
dikes at this time. Ne remedial actien on the Alkes appears warranted, cther
than routine maintenance and inspetstions.



Duke FPower Company
Civil/Envitonmental Division
LETCa. Job No. OH 4531
Gotabar 12, 1987

We appreciate the opportunity to provide our professional services ks you
on this project. Please let us koow if you have any guestions regarding this

report.

FCT/CES fotw

Attachments

LAY ENGMNETRING TESTING COMPRMY

-2-

Vary truly yours,

LAW ENGINEERIMNG TESTIHG q@#ﬂﬁﬁ
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DUKE POWER COMPANY
CLIFFSIDE STEAM GEHERATIHG STATION
CLEVELAND AND RUTHERFORD COQUNTIES
NORTH CAROLINA

SAFETY INSPECTION OF ASH DIKES

by

LAW ENGIWEERING TESTING COMPANY
CHARLOTTE, NORTH CAROLINA
LETCo. JOB WO. CH 4581
OCTOBER, 1981

LAY ENGRE ERING TESTING CCMPANY




INTRODUCTION

Subject Facilities

Thig safety inspection report covers three separate ash  retention
facilities at Duke Power Company's Cliffside Steam Station, as follows:

1) the Units 1-4 old ash basin dika:
2} the Unit 5 old ash basin dikes;
31 the Suck Creek new ash basin dikes for Units 1-5.

These ash retention facilities are owned by Duke Power Company and have been
alnce Lheic consbruction. Mr. M. I. Mogser has overall responsibility for
general maintenance and upkeep as plant superintendent at the Cliffside
Sratiocn.

Field Llnspection of the ash retention dikes was done on June 22, 1981, by
our Mr. F. ©. Tucker, P. E., in company with Duke's Messrs. T. A, Propsl and
E- F. Smith from Design, Mr.- L- J. B5tarneg From Station Support, and
Mr. R, L. Reoberts f£rom Steam Production. Dry weather <opnditions pravailed
during the insmectlon.

Purpogze and Scope

The purpose of this dike inspection and report is ko identify any hazavds
to human life and property within the limitations of surficial field inspec-
tion and cEfice review of available data, records and operating histocy. The
chjective iz bo recommend Immediate action Ffor public protection wheee
necessary, further studies and analyses where required, and acceptance of the
present condition of the dikes if the engingering dala and ingpections so
Justify.

A review was made of pertinent existing and readily avatlable englnesring
data relaLive to the design, conatruction and cpevation of the ash retention
dikes and cutlet works. A detailed gystematic wisual inspection was performed
of those wvisible features relating to the stability and coperaticnal adequacy
of the eacth dikes. Appreximate hydroleogic analyses ware made. Based wpon
resulils af the above work, an engineering opinion is given of the general
condition of the Adikes, iacluding the hydroleogic capabilities and the
atructural stability. '

The purpose and scope of this study are congistent with that outlined in
Law Engineering's letter of april 15, 1981, and with Phase I Investigalions of
the "Recommended Guidelines for Safety Inspection «f Dams", originally
releaaed by the Department of the Army, Office of the Chiaf of Engineers, in
May 1976, with the latest updates ilncluded.

Authorirzai ion

This Phage I Investigation was authociged by Messrs. 5. B. Hager, Chief
Engineer, and J. P. Bultman, Sr., Principal Engineer, of Duke's Civil/
Enviroamental fDivision, in their letter dated May 1, 1981.
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LOCATION

The Duke Power Company's Cliffside Steam Station is located approximately
5% miles wast of Charlotte and about 1.5 miles souch of the small town of
Cliffside. Hoxth Carelina. The power plant =lte is situated primarily on cthe
gouth side ofF the Broad River and straddles the Cleveland/Rutherford Coonty
line. The imits 1-4 old ash basin and the Suck Creek new ash basin lie scuth-
east of the Units 1-4 powerhouse in Cleveland Courty; the Unit 5 old ash basin
Liss southwost of the Unit 5 powerhowse in FutherFord County,. Figures 1 and 2
show the locations of thz ash basins on a North Carolina Road Map {(1976) and
the Cowepens, South Carolina/Morth Carolina (1959} 05565 guadrangle sheek,
respectively,

GEWERAL GEQLOGY

The Cliffside ash storvage kasins lie within the Central Piedmont PhysBi-
ographic Provinese, an area characsterized by ancient ignecgs and metamorphic
rocks which have been weathered in-place to form a mantle of regsidual seoils.
Geclogic literature indicates that the Cliffside area is onderlain predom—
inantly by metamprphic rogks, gneiss and schilst, with ogcassional intrusions
of ignecuz rocks such as granite. Pegmatite inerusions are found in the area.
The rocks have been Folded and contorted and thuos contain many strugtural fea-
Lures.
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CLIFESIDE UHITS 1-4 QOLD ASH BASIN DIKE

Desgription

Physical Characteriseics - The pectinent physical and geometric features
of the Cliffside Units 1-4 old ash bkasin dike are shown on Figures 3 and 4.
These figures and the following desceiptions are based on copies of Duke's
Prawing Nog. C-2004 through <€-2006 (all with lakest revisicns dated June 30,
1977), ©=2007 (latest revision dated Janvary 28, 1970} and C-2011 ({latest
revision dated Junc 10, 1958},

This old dike is an L-shaped earthfill embankment which was oonstrucied
adjacent ko the HBroad River as shown in plan view on Figuare 3. 0Overall length
of the dike igs about 1480 Ft along the crest. The dike was designed to have a
15-ft wide crest at elevation 706 feet. Maximum height oF the dike is about
33 ft above the downstream toe. Dasign drawings called for a 2.5H:1V ppstraam
slope and a 2H: 1V downstrean slope to elevation BE2 £t, then 2.5H: 1V siope
baelow &322 ft to the downstraam toa.

The downstream toe of the 4dike was designed to have Intarnal dralnage
congisting of a 3-ft thick, 15-ft hottem width blanket koe drain of ¢lean
conarse cinders extending practirally fuoll length of the dike. The downstream
toe was ko be covered with a 9=-inch minimum thickness blanket of riprap (nok
vigihle in our ingpection) extending upslope bo elevation 680 fest. A 400-ft
long portion of the dike was to contain cinders (with ¢lay and agilt) in a
15-Ft wide zone bensath the downstream zlope fram the creat to elevation &90
£t (5ee Ssction A-h, Figure 41].

The outlet [or the ash basin iz 4 reinforced concrete drainage tower with
bottom diccharge intoe a 30-inch diameter corrugated metal pipe [(CHP) which
extends approximately 180 ft (horizontally) throwugh the base of the embankment
At a skewsed section Llocated near the east end of the dike [(see Flgare 3).
Figure 4 {Section B-B} shows a section view of the ouklet.

The degign Lolet invert elevation of the pipe at the bottom of the
drainage tower is £77.85 fr; the design outler invert elevation is 672 feer.
The pipe was designed to he bedded on undisturbed soil beneath the dike and to
have 1.5 percent grades from the inlet to elevation 676 £t. then &.73 percent
gragde to the eoutler end of the pipe. Design called Eor 3 concrete cubgff
collars arcund the pipe with 2 located upstream of the dike genterline and 1
downatream f the dike centerline; the bottoms of the cuteff collars were to
extend § inches into rock. <Thuere is a congrete paved ditch extending bayond
(dosmstream cf] the outleb end of the bottom discharge pipe to aear the edge
of the river.

The drainage tower Ly design is supported on a &.2 X & x 1.5-ft thigk
reinforged goncrete footing on cock, Removable precast c¢oncrete stoplogs
which Eit in guides on twe open sides of the tower are used to control the
inlet elevation of the dralnage tower., The two open =ides are esach 4 £t wide.
The stoplogs are lifted by means of a cable hoelst and steel frame on top of
the drainage tower. The design top elevation of the platfarm on top of the
deainage tower is 705 feet,
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Size and Hazard Classification = The Cliffside Units 1-4 £ld ash retention
dike iz a "small™ size dam with ™ow" downstream hazard classification
according o the criteria published tn the Corps of Engineers' "Recommended
Guidelines for Safety Inspection of Dams™, This is derived fraom the rela-
tively low height (<40 ft) of the dike and small potential storage capacity
{<<1000 acrve-Et} and the absence of downstream development within the small
area of influence of any failyre of the dike.

Historic Data

Design and Construction Information - Design stuedles and drawings were
made for the Units 1-4 old ash basin in 19536 by Duke Fower Company. Sub-
surface investigation was provided by Law-Barrow-Agee Laboratories {name
changed ta Law Engineering Testing Company in 1958). A tokal of % sodl test
borings was made in bthe Aike foundation area, and 23 awger hocings wers made
primarily to explore possible borrow sourcea located within the basin area and
on nearby adjacent land on the southeast side of the basin. Three of the
auger borings were made to check depth of refusal material aleng the line of
the cuklet plpe. Relabtively undisturbed (Shelby tube)] samples of foundation
soils and bag samples of potential borrow soils were phtained for laboratory
tesking. laboratory briaxial shear tests were performed onm both foundation
30ils and compacted borrow solls, and glagsification and compaction tests were
alsce performed. Law provided design consultation including analysis and
evaluation of slope gtability. The results of the investigation were
presented in twe reports (dated June 29 and Aagust 2%, T1956) prepared by
Professor Jenrge P. Sowers. A third report (dated October 5, 1956) presented
commants on final design plans as requested by Duke., Law job file number CH
224 containzs the abowve inforvmation.

The 1956 subsurface investimation indicated that the site of the dike is
unrderlain by alluvial [water deposited) sands and s5ilts up wo about 15 £t deep
over rvasidual so0il or schist., The borrow soils were found to conaist pri-
marily of micacegus sandy silts/Ssilty sands. Duke tentatively had planned
dike slopes of 3H:W for the upstrean face and 2.3H:1¥ for the downskrean
Eace. However, rthe regults of static slope stahility analyges by Law
indicated safety factors of about 2.5 and 2.0 for 2.3H:1V and 2H:1¥ slopes,
respectively, for both faces of the dike; thus, the slope geomgtry was
modified to the design configuratieons described previously under Physical
Charactaeriscles. A minimyn compaction reguirement of 95 percent <f the
{standard Proctor) maximun dry density was recomnaended. Further, it was
auggested that a heavy rubber-tired roller would be more effective {than
sheepafootk) for compaction of the micaceous borrow =0ils. It was cecommended
that riprap protection be used in the downztream zlape if the river could rise
above the toe of the dike.

The s9ils report indicated that the foundaticn soil contained seams of
gand w=hich, 1f continoous, could lead to boiling below the dike doe to water
pressure from the roservoir. However, this poteatial condition was beliewved
te be lozalized, and it was suggested that (bt would ke more econocmical to
correct the difficulty after it develuped, rather than (provide design
medasures) to prevent it., It was noked that a sand filled trench at the toe of
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the dike ecould serve as a water pressure relief system. It was also noked
that trouble with seepage pressures would disappear after the basin partially
filled with ash.

The dike preswnably was constructed im 19537.  There is no readily avail--
able construction information such as guality contrcl rests or inspection
notas and memos. In spring of 1954, after the basin had bkeen placed in

service, water seepage from foundation soils below the downstream toe of the
dike was aobsevved. The areas of seéepdge ware located approximately betwesn
stations 3+00 and 4400, G+50 and 5+50 and at Station 13+00 (see Figure 3). &
system of pipes was installed to collegt and goncentrate the seepage for Elaow
Measar  ments. Initially (May, 1938), 13 points of flow meagurement wers
established using &e-inch diameter corrugated metal pipes f(and a 2-inch
dianeter galvanized pipe at one point,; namber 13). Seven additicnal pipes (€
to 10-ipnch diameter) were added later [July, 1958). Daily flow measuremshks
were made and zhowed aggregate flows warying from about 50 to &0 gpm during
the Eirst month of monitoring. The flow points were examined for turbidity
and several showed relarively continuous sandy or mueddy flew during the first
month; a number of other flows were zandy or nuddy on occasion, primarily
during and just after rainfall.

Professeor Sowers was consulted (Fune, 1958} about the problem. He
outlined [lekter of June 2, 1958) ways of minimizing or controlling the
seepagas, but advised a program of "wakchful waiting" and implementation of
corrective measures only where necessary. lie advised that arcas of seepage
that flow conktinuwcusly sandy or Increase fn flow zheould be provided with a
graded Filter {[inverted}.

Duke continued to monitor the Flows on a daily bazis kill Hovember, 1%58.
Duwring this time period the aggregate flow increased to a maximum of 92 gpm in
August, but the dirty Elows began bo clear-up. After August, the aggregate
Elew graduzlly decreased and the flows gencrally were clear of soil particles.
From Wovembher, 1958, to March, 1959, the flows were monitored once weekly: at
the end of this time perliod the aggregate flow had decreased to approximately
A0 gpm and all flows were running glear. DOuring the remaindee of 1959, only 6
szlected flows {greater than 2 gpm)] were monitored, on a weekly basis. In
Jarwmary, 1960, the & Elows wers monitored menthly, and the aggregate flow
dacreasesd Evom about 20 gpm to approximately 10 gpm by Januvary, 1961, with all
Elows punning clear. From February, 1961, to April, 1962, only point 13
lshowing Elow greater than 2 gpm)] was monikored.

The mopnitoring program was terminaced after an inspection was made in
April, 1962, The Lingpaction revealed that many of the ouatleks that showed
"no-discharge" on the records had not actually dried-up; the seepage  had
diverted to new holes adjacent to the pipes, possibly due to disturbance of
the pipes during higyh viver flows. However, the seepage f£lows were observed
te be running cleac. It was noted that the outlets increased in Elow after
rains, but the flow was not muddy. It was alsoe noted that the total Fflow
appeared to be less than when measuremenks started. Becawse af the continugal
clarity of bthe seepage over the previous years, 1lr was decided to discontinue
making flow readings, but toa continue making general cbaervatlona.
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In the April, 1262 inspection, the dike was noted ko be in fair condition;
it was observed that '"graszs wag spotty and erosion was very evident both
lnside and opt".

By 1273, the basin was nearing Full capacity of setbled ash. Some storage’
volume was restored by removing some 160,000 cubic yapds of ash frem the
basin. The ash was haauled to a dry storage area {Ruxiliary Ash Storage Ne. 1
locaced eagt of the Units 1-4 basin, near Suck Creek). In 1977, the bagin was
retired as an ash storage Facility and converted to a yard draifage holding
pond. {The Units 1-4 ash lines were rerouted to the Suck ¢reek ash basin.)
Ash was pemoved to a depth of about B ft from an area about 220 £t wide by
over 800 ft leng Within the western and southern portions of the basin, ko
create sktorage volume for the holding pond. The excavated ash was placed in
the Unit 5 old ash basin. The ash in the remaining portions of the basin was
covered with about 2 fr of topscil and grassed. The generzl ash lewvel in the
basin prior ko reatirement was at akout elevation 695 feet,

Cuke file nuombers C-280A, C5-224, C5-226A, C5-234P and C5-5462 contain
mast of the Ilnformation pertaining to the Units 1-4 old ash basin dike.

Instrumentation - Other than the seepage collection pipes and the seepage
monikoring program discussed previcusly, there is no ingtrumentation on the
Units 1-4 old ash retention dike.

Previous Inspections - Ho formal previous inspections of the Units 1-4 ash
retention dike have been made by an independent consultant. However, Duke
Power design engineers make formal inspections yearly, and more freguent
observations are made by the plant engineers and personnel. The most signi-
ficant pagst observation, available Ffrom the filez, was the sSeepage problem
discusged previocusly. Other conditions often noted in past inspections were
surface eraosion and Lree growth on the dike.

Present Operation and Puture Plans - As noted previously, the nits 1-4
ash basin was converted ko a yard drainage helding pond in 1977. It seill is
Being used for this purpose; sump and yard drainage From all 5 unlts at the
plant is collected in the holding pond. Feom the holding pond the water is
pumpad ko the Sueck Creek ash basin.

The old drainage tower in the basin functions only as an amergency over-
flow structure for the holding pond. There is a ghallow swale (constructed in
ash] leading from the holding pond area of the bagin to the drainage tower.
The top stoplog in the drainage tower is at elevation 692 ft; the inlet end of
the drainage swale is at elevation 683 ft, and the water Ievel in the holding
pond is maintained below this elevation. According oo Buke design englneers,
no overflows [(through the zwale and drainage towerl have occurred since
retirement of the ash basin in 1977,

Future plang are to continue to gse the basin as a holding pond. Thare
are tentative plans bt also use the basin for stocage of spoil from pericdic
dredying of sand from in front of the nearby plant water intakes in the Broad
River. Dredge spoil would be gluiced directly inte the kasin. Ash in a
portion of the basin may be excavated and removed to two low areas in the Uait
5 ash basin, to Create storage space for the dredge speil.
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Hydrologic Analygig

In general, the exisiing ground surface elevation in the retired Units 1-4
bagin ig approximately 697 Fb, except in Lhe yard drainage holding pond area
whare the water level 15 maintained below 593 ft, along the drainage swals
between the holding pond and the drainage tower, and argund the drainage tower
wherae the secface is depressed down Lo the top stoplog elevation at 6%2 feet.
The surface area of the basin at elevakion 697 ft is about 12 acres, and at
alevation 706 £t (top of dam) the surface area is approximately 14 acres.
These areas ars based on planimeter measurements on topegraphic maps available
Erom the files (Duke Drawing Mes, C=2004, C-2005% and C-2008). Thus, thers is
an  estimaved 117 acre-ft of surcharge stovage space  avallable bhetween
elevations 697 and 708 feal.

The capability of the Units 1-2 basin te store wunoff from a flood with a
100-year recurrence interval has been checked by approximate, conservative
methods which assume 100 percent runoff and no ocutflew from the basin durisg
the floocd. The 100-year {(24-hour duration) rainfall depth is 7.3 inchea [from
"Rainfall Fregquency Allas of the United States", TP-40, Weather Bureay,
Beprinted 19§3}. The total area which drains into the basin i1s roughly esti-
mated to be 65 acres, based on informakion from Duke's files and planimeter
meagurements on Lhe USGS Cowpens SC-NC guadrangle sheet  (1359). Thus,
assuming 100 percent runcEf, the total runoEf wvolume is {7.3712 x &5 =) 139.5
acre-ft; Lhisz is much lass than the estimated available suwrcharge sbkorage
volums, 117 acre-ft, which discounts any storage volume that may be available
below elevation 697 feet. Agguming no outflow and linear wvariation in
surcharge skorage fram 0 acre-ft at elevation 697 £t ke 117 acre-it at
slevation 706 fr, the stored runoff walber level in the bkasin wouold reach
approXimately elevation 700 fir, leaving about & ft of calculated freeboard.
If the Basin level should be raised to elevation 700 £t with dredge spoil
and/or yard drainage, 4 similar analysis would yield about 3 fr of calculated
freeizoarcd.

On the basis of the above approximale 4nalysis, it is concluded that Lhe
exicting Units 1-4 basin and ash retention dike should be hydyologically safe
for a flood in excess of that produced by a 100-year SLoTm.

Field Inzpection Observations

The flnits 1-4 old ash retention dike 18 almest completely owvergrown with
trees and wvegelation. The crest is little more than a rutted krall (Plate 1).
The upstream slope and basin area generally ace covered with a dense, tall
growth of lespadeza grass and weeds (RPlabke 2}, axcaept An tLhe area of the vard
drainage holding pond which was nearly empty at the time of inspectien (Blate
3},  Speil matevial froe dredging operations akt the plant intakes was being
punped into the holding pond, on a temporary basis, at the time of inspectien.
Mimnga treces [visible in Plates 1, 2 and 3} grow on or overhang much of the
dike crosgt. The downstream slope 1s heavily overgrown with trees  and
pnderbrush, though Lhere iz a couple of celatively clear areas [(Plate 4).
Huch of the Aowngstream slope waz inaccessikble to inspection due Lo the thick
vegelakion.
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Ho slumps, slides or major acltive erosion were seen on the portions of the
dike =slopes that could be ohserved. Also, no seepage or webl areas were scep
on Lhe acecessible portions of Lhe downsteeam sleope above the Loe.  The toe
riprap was not seen, Lhough some small rocks were observed at somes locations
next kLo the river.

Approximately 20 ft beyond the dowmstream toe of the dike Lhera is a
gleen, 10 Lo 15 fL high bank which extends down to khe edge of the river. A
nambear of the old corrugated metal seepage collection pipas was observed at
the toe of Lhis bank. Mozl of the pipes were partially or completely
unearthaed, evidently as a resolt of scour doring high river Elows. Small
seeps withh ne discernible flow were observed at sevaral of the pipes (Plate
5. ah arsa of slow flowing, yellew colpored geepage was ohseceved at the
river's adga {Plate G}. This so9ep appears to bha al or near the laocation of
the ald seepage monitoring polint number 13, (The 2=-inch galvanized pipe was
not seen.) The seep did not appear ta be carrying soil salids: the yellow
color apparently is due b dissolution of a minecal Ln the soil. The hank
next to the river is locally very steep, apparently doe to river scour and
backward sloughing.-

The visible portion of the drainage kower {Plate 7) and the outlet end of
the 30-inch diameter corvugated metal bottonm discharge pipe [Plate B) appear
to be in fair condition. No seepage, drep-outs or erosion waere seen in the
embankment <over the pipe. There was a small trickle of water flowing from the
aend of the pipe at the time of inspection.

Conclusions and Recommendaticns

Ho wisual signs af degp seated instability or aclLive internal erosien
{piping) were observed on the Units 1-4 old ash vekention dike, but inspection
Eor evidence of these gondltiong was hampered by the bhick growth of brees and
underbrush on the downsktream slope. Though the tysez and underbrush hinder

. wizwal imspection, they appear Lo have provided a fair measure of protection

of the dike agaiast surface erosion. Since the dike esgentially oo longer
gertes a5 a water impoundmant Sstructura, the threat of sespage channels
forring along trese root systems 18 no longer a concern For this dike. Thus,
it is recammended that the trees and andechrush ke left undisturbed.

Ha further study of structuaral stability of the old dike is recommended at
thisg time. However, it is recommended that plant personnel continue tc make
periodic genaral ifnspections of the dike. These ingpections ahould check Lin
particular for the Jdevelopment of any significant erocsion on the downstream
slope and check for advancemcent of any backward sloughing of the =steep
riverhany toward the toe of Lhe Jdike. Obgervations might also be made of Lhe
old secp areas next to the river, thowugh the seeps presently are very samall
and may eventually dizappear. & cleared trail maintained along the toe of the
dike, and aceessible from both ends of the dike and at a couple of
intermediatle locations, would facilliate these insSpestions.

The results of the hydrolegic analysis indicate that the Units 1-4 basin
should be capable of safely storing Elood runoff produced by stomms with a
Fecurrence interval gueater than 100 years:. This degree of hydroelogic safery
Eur Lhe "low" hazard dike is considered satisfactory by current requlatary
guidelines, and no further =tudy of hydrologic safety is recommended ak Lhis
tima.
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The small trickle nf warer Elowing EFrom the end of the outlet pipe may be
indicative of groundwater [ntrusion through the pipe joints or through a
corroded hole in the pipe. Any plans to bring the old outlat works back into
Full service (e.g9., as an overflow structure for a dredge spoil pond excavated
near khe drainage bawer] should considec a thorough inspection of the pipe k-
check for detericration.
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CLIFFSIDE UNIT 5 OLD ASH BASIN DIKES

Cescription

Physical Characteristics - The paertinent physical and geometric features
of the Cliffside Unit 5 old ash basin dikes are shown on Figures 5 and 6.
These Ffigures and the following descripbtions are based on coples of Duke's
Drawings (prepared by Bechtel Corporation) C©-30902 {date neot discernible},
£-3036 and C-3037 {(boLh with latest revisions dated July 24, 18977), C-3038
{latest rewvision dated October 16, 1%8%] and C=-303% {latest revigsion dated
June 5, 1970}).

The Unit 5 old Aixes are earthfill embankments, iIncluding a main dike, a
saddle dike and an access road dike, arramrged as illustrated in plan view on
Pigure 5. The main dike and saddle dike are the principal embankments which
formed the ash basin. The dikes were designed to have a 20-ft wides crest at
elevation 767 feet. The main dike is about 1460 Et long at the crest and has
a maximum height «f absut 97 ft abave the downsiream toe; the gaddle dike is
approximately 590 ft long at the orest and has a maximum height of aboul 42 £t
above the downstream toe {57 Et above the upstream toe). Desiqn drawings
called for 2.%H:1V upstream slopes, a 2-8H: 1V Aocwnmstream slope at the main
dike and a 2.7H:1¥ downstrxeam slope at the saddle dike.

Both the main dike and saddle dike were designed te have internal drainage
consisking of a horizontal blanket Jdrain connecting to a L5H:1W sloping
chimney drain as illustrated by Section A-A [(for the main dike) on Figure 6.
The chimney and most of the horizontal blanket drain were designed Lo be 3 fh
thick: thay wera to be constructed of graded sand. The design top elevatlon
of the chimney drain was 692 feet. BOesign drawlngs alss ealled for a culoff
trench "through all alluvial gand and gravel" beneath the dpstream toe of the
dike; the width of the cutoff was to egqual the height of the dam and to be
"wackfilled with compacted borrow™. The downsiream toe of the matn dike was
designed Lo have an 18=-inch thick blanket covering of riprap bedded on a
12=inch Lhick "transitlon” filter extending upslope to elevation €95 featb.

The outlet for the Unit 5 ash basin its a rveinforced concrele drainage
tower with boblom discharge inte a 60-inch diameter reinforced concrete pipe
{RCEY which extends approximately 500 Fft (horizontally} through the left
abutment of the main dike (ses Figare 5). Figqure & (Seclion B-B} shows a
section view of the satlet.

The design inlet inovert elevation of the pipe in the Dbottom of the
drainages Lower is 732 ft; the design invect elevation at the entrance of a
dissipator box at the downstream end of the pipe ia 676.75 feet. The pipe was
designed to be bedded on a concrete cradle bearing in residual soil and to
have about 5.3 percent grade down ko a venk box some 410 ft {horizontally)
downgtream from the drainage vowsy; from the went box to the eatrance of the
dissipator, %90 ft {(horizontally) away, the pipe grade was to be absat 25
percent. Design <alled for 3 concrete coboff collars arcund the pipe beneath
the upstream half of the dike section. A design revision called for conplete
encasemept of the outlet pipe in reinforced congreve along a 95-ft long
gection heneath the central highest portion of the dike cross section.
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The drainage btower by design is supported on a reinforced concrete Footing
bearing on residual sail. Rewovable precast stoplogs which fit in guidog on &
apen sldes 0Of the btower were used to conkral the water level in the ash bastin.-
The open sides are each 7 £k wide. The stoplogs are lifted by means of a
cable hoist and steel frame on top of the drainage tower. The design bop
elevation of the platform on top of the drainaye tower is 767 feet. The tower
platform is accessed by a fixed timber waliway,

Size and Hazard Classification - The Cliffside Unit § old ash retenticn
dikes {main dike and saddile dike] are "lntermediate" size dams with "low"
downstraam hagard classification accurding to the Corps' criteria. This is
derived Erom the moderate height (bhetween 40 and 100 £t} of the dikes and the
absence of downstream development.

Histarie Data

Design _and Censtruction Informaticn - Design studies and drawlngs were
made for the Unit 5 ash retenticn dikes in 196% by Bechkel Corporation.
Fechtel performed all engineering analyses of the dikes, including slops
stability. Subsurface exploration, laboratary testing and evaluation of the
engineering properties of foundakion seils and proposed horrow soils were
provided by Law Engineering Testing Company. Fifteen soil test borings and 7
test pits were wmade in the foundation area of the dikes, and several tege
borings were made on tho western side of the ash basin to explore a potential
boreow source., Relatbively undisturbed samples nf foundation soils and hag
samples of potential borrow soils (from the west side of the basin and Erom
excavation near the Unii 5 powerhouse) were obtained Ffor laboratory testing.
The laberatory testing included classification tests, compactlon tests
{modified Procterl), consclidation tests on foundation soils, triaxial shear
tests on both foundation and compacted borrow soils (90 percent of modified
Practor) and relative density and permeablliby tests on proposed filter sands.
This work was part of an overall subsurface investigation of the Unit 5
development reported under Law's job number CH 2003.

Beneath the downstream koe arza of the main dike, the test borings and
test pits indicated az much as 11 to 12 Ft of alluvium underlaln by residual
micacecns silty szands/sandy siles in turn vadeviain by partially weathered
rock and refugal makerial. Due to this thickeess of alluvium at the toa and
the cloge proximity of the Broad River, the dike was movaed further upstyeam
dnd the crest raised to maintain storage capacity. On the aburtments of the
main dike, the horings indicated a typical regidual goil profile congisting of
micaceous sandy clayey silts near the surface underlain by micacecus silty
sands/gandy silts to depths of 12 te 13 ft where partially weathered rock was
encounterad. Refusal macerial was encountered at depths of about 22 ta 36 £t
in a2 wouple of the borings and found to be bictlte gneiss in one which was
cored. One boring was made in the saddle dike area and indicated a residoal
301l foundation; the acceas road dike foundation had some alluviun in natural
drainaye draws. The borrow area borings encountered the typical residual seil
profile like that found in the abukments.




Bechtel's stability analyses indicated a safety facror of 1.33 for the
2.8H: 1V downstream slope of the main dike. Bechtel gpecificationz called for
ninimum compacticn of 90 percent of the modified Proctor maximum dry density
for the dike £ill construction.

The ash retention dikes were oconstcucted in 190970 by Daniels
Construcktion Company. There is oo readily available information concerning
cons truction of the dike.

In September of 1972, after the basin had been placed in service and the
watear level had reached approximately elewvation 745 ft, inspections by both
Duke and Bechtel enginuers noted some problems of evoesion and wet soil
conditions on the downstream =lopes of the maln dike and saddle dike.

At the saddle dike two large argags of erosion (6 to 10 £t in diameter]
wizre obgerved on the downstream slope approximately one-third the height of
the dike down from the wop, and ercsion gullies were ochgerved at the down-
strean embankment/abubment contacts. The lower one-thicd of the downstream
slope of the saddle dike was "guite moist”, and the exit end of the internal
filter was not visible ak the gurface of the dike toe. There was 85ilt
ascumulation at the ko, There was standaing water in a drainage ditsh located
beyond the Adike koe. arcund the Unit 5 cooling tower hasin.

At the main dike the surface ¢f the lower half of the downgtream slaope was
ohaerved to have a small gravel cover and nuwserous oroeslon gullies. The upper
nalf of the slope was grassed. Eroslon gullies were also ohserved 4k both the
left and right dowmskream embankment/abutment contacts. Several small loca-
tions with <¢lear water flowing at a slow rate from them were cbserved at the
right abutment contack; these were not seen in later inspections, though
"spots” of saturated sail were observed abk the contact. The esastern portion
(right side) of the downstream slope was morve moist than other areas, and
detericration dee to surface erosion progressed wore Ttapidly there. Clear
seepage (from internal drain} was oabgerved flowing at abowt 4 diEferent
locations from the rciprap govered foe of the main dAike. Tha total flow was
estimated to bhe abopt B to 10 gpm in September, 1973; in May, 1973, it waas
eztimatel [n be 15 ko 20 gpm and thooght to come primarily from thoe waskern
side of ths dike. During 4a September, 1972 jiaspection, the Bechtel
representative noted a 10-ft Aiameter gunited basin ak the koe in khe rcenter
of the main dike. The kasin was Full of saturated sand and had a small
trickle of water flowing From it- The Euwictlon or purpose of this basin was
not Krown.

Correspondence in Duke's f£iles suggests that the erosicn problems were
repajired somekbims in 1271, Correspondence in 1977 indicated a problem of
leakage beneath the saddle Aike. (Water wa=z seeping primarily from the bage
of the right abutment of the dike and draining into the Jdieceh arcund the Unik
$ cooling rtowar hHasin. The diteh stayed practically full with Ehe scepage
water.) It was decided not to make permanent repairs to control the seepage.
sinca the bagin was nearing retirement, but to viswvally monitor the seepage on
4 dalily basis to check for changed conditions such as flow rate, turbidity and
location.
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The basin was almogt completely Eilled to capacity with settled ash by
1979,  In 1280, the basin was retired and the exposed ash surface was graded
for drainage, then covered with soll and grassed, except in bws low ups bream
egaches of the basin where some water was ponded.  These twe low areas still
exist and one {easternmost) still has ponded water, apparently being
springfed: the orher has dried-up.

Duke file numbers <C-280A and {-5434 contain much of the iaformation
pertaining to the Unit % old ash basin dikes.

Ihstrumentakion = There iz no instrumentation on the Ynit & ald ash
retention dikes.

Previous Inspections = Bachtal and Duke engineerz and plant personnel mads
previous inzpections of the Unit 3 ash retention dikes. The most significank
past observarions, available [rom the files, were the 1%72 erosion and seepage
problems noted previcusly.

Present Operation and Future Plans = The (nit 5 ash basin has hean
retired. Surface runeff is directed through the drainage tower. The drainage
tower has been lined with a vertical pipe which reduces the discharge sapacity
of the overflow structure. {The reason for the pipe lining iz not roadily
dpparent from the files; it perhaps was an effort to seal leakage of wot ash
through sore open joints between stoploge in the towar.) The two low areas of
the basin may eventually be filled=in {perhaps with ash hauled from the Units
1-4 bhasin] and grassed.

Hydrologic fAnalysis

The Unit 5 basin no longer serves as a water impoundment, bub could pond
surface runoff at times of heavy rainfall. fThe capahility of the basin to
store runoff from the 100-year storm has been checked using an approximate
analysis, similac ko Ehat owtlinaed previocusly Ffor the Units 1-4 bhasin. This
analysis assumes no oubflow from the basin during the storm. Howevar, the
cyncff amcuent is debermined Erom published correlakion bebtwsen rainfall and
runoff (Figure 10.1, SCS MHEH-4, 1972) using an estimated curve namber {(CH) of
71 which yields 4 inches of direct runoff from the 7.3-inch, 100-year (24d-hour
duration) precipitation amownt. The CN value is basel on hydrologic Class B
soils {primarily Madison gravelly loam} in the drainage area cutaide the basin
and asswned hydreologlc Class C soils withiln the basin area; it alse assumes a
pasture or range type cover {[over the entire drainage area), fair hydrologic
condition and antecedent moisture conditlon IT {AMC-IT). The total area which
draing inks the basin is estimated to be approximately 200 acres, hased on the

US33 topographic map. Thus, the total runcEf wvolums is estimated To be
approimately {412 x 200 =] &7 acre-faetk.

Prior ko retirement of the Unit 5 basin the ash level generally reached
approxunately elevation 762 £t {or 5 Ft below the crest) except in the two low
areas described previowsly. However, while the ash lines ware being rercuated
ko the Suck Creek basin just prior to retirement, the bagin was filling
quickly with ash. In an effort to prolong the storage life, the ash was
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mounded-up in the central portion of the basin, Buring a May 10, 1979
inspection by Duke desiqn engineers, the large ash mound appeared to be higher
than the waoriginal low poink on the {saddle) dika. {The low point had been
raised with Fill prior to ash boildup.] After sluicing oparations wexre,
diverted to the Suck Creek basin, the mound was to be leveled and graded to a
depth of approximately cne foot over 25 parcent of the basin area.

The arga of the ash basin L5 approximately 37 acres at elevation 762 ft,
based on the USGS topographic map and information Erom puke's files. The
extsting ground surface elevation in the basin is not precisely known.
Howevey, a rough estimate of the surcharge volume available in the basin is
made agswning elevation 763 £t over V8 percent of the basin area and 764 €t
gver 2% percent of the basin. These elevations should conservatively acoounkt
Eor the graded ash mound and soil cover that was placed upon retirement of the
basin. Ignoring the low areas and 'bank™ storage, the calculated available
surcharge skorage 15 appkoXximately 139 acre-ft or move +than twice the
estimated botal runofE velume (67 acre-ft) from the 100-year storm. Assuming
no ocukflow and linear wvariation in surcharge storage Ffrom £ acre-ft  ak
elavation 763 fr o about 28 acre-ft at elevation 764 ft, then 138 acre-ft at
elevation 767 £+, the stored runcff water level in the basin would rise to
approximately elevation 785 fr, leaving about 2 £& of caleulated Ereebeoard.

On the basis of the ahave approximate analysis, the retired Unit 5 ash
kRasin should be capable of safely storing storm runoff from the 100-year

avant.

Field Inspection Observabions

The crest of the Unit % ash retention dikes is in good wvisual condition
and has a surfacing of what appearad to be black cinders. The downztream
=lope of the main fdike had beaen mowed just prior to inspection and was in very
good viswal condition (Plate 9). The downstroam slopes of the saddle dike and
gccess road dike similarly were in good visual condition with recently mowed
grass cover. OInly the wppermost 3 to 5 £t or so of the upstream slopes were
vizible since the hasin was filled to capacity with soll covered, settled ash.
The basin area and gpstream slopes were clear and froe of woody vegetation
{Plate 10},

Mo slumps, slides or majoee erosion were seen on the dike slopes, and no

seepage or unusually wek areas were observed on the downstream slope above the
toa.,

The riprapped toe of the main dike and area dewnsbtream of the btoe were
covered with bushes and trees. Clear seepage was flowing from the toe at a
number of locations. Several of cthese combine to form a larger flow [Plate
11} that runs intko a natweral drainage channel below the toe. The toe area

belew the right aubtment is swampy and has wet ground vegetation dus to poor
drainage,
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A thin cracked layer of concrete (or gunite)l was cbserved in one area on
the downsirzpam taoe of the main dike; Lhis apparentiy is the gunite basin {of
unkaown purposcel ceferred to in the Hechtel englnesr™s ingpection in 1972,

Gradual seepage [rom natural groand below the downstream right abutment of
the saddle dike was algo obgserved. Tho seepage drains into and stands in the
drainage ditch {(Plate 12} around the Unit 5 Cooling Tower B, promobing growth
of wel ground vegetation. The scepage emerges from a bank next to the ditech
{near Lhe aulomobile shown in Plate 12). The seepage iz red colored and
evidently mineral rich; a red brown crusty deposit has formed at Lhe seepage
outcrop.  Mr. Eoberts indicated Lhe seepage prablem here used bo be much worse
with waker bukbling from the geound and the ditch completely filled with
water.

The wvisikle portisn of the dJdrainage tower (aee Plate 10)] and the
diggipator box at the downetream end of the 6B0-inch diameter RSP outlet
appeared Lo be in good condition. Ho seepage, dropouts or arosion were seen
in the embankment over the pipe.

Conclusions and Recomendations

Tha Unit 5% agh retention dikes are in goed wviswal condition, and neo
Further =study of struciural stability is recommended. Ho remedial action
appears necesgary, other than routine maintenance and inspections by plant
personnel. The seepage Ffrom the toe of the main dike and that from the base
of the right abutment o©f the zaddle dike should be observed for changed
conditions during the rouline inspections.

The rcesules of the hydrologic analysis iLndicate that the Unit 5 basin
should % papable of safely storing flood runcff from the 100-year storm.
This degrese of hydrelogic zafaty for the "low" hazard Jdikes is considered
satisfastory By current regqulatory guidelines, armd no further study of
hydrologic safecy 1s recommended at this time, Though the hydrologic analysis
assuamed no outflow during the storm, the cutlet works should be maintained in
good working order to allow drainage of impounded storm rancff.

If there are no plans to utilize the basin for water impoundment in the

future (other than btemporary retention of storm rencff), oatural vegetation
gould be allowed to grow on the dike slopes.
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CLIFFSIDE UNITS 1-3 SUCK CREEK MNEW ASH BASIN DIKES

Cescription

Physical Characterigtics — The pertinent physical and geometrie fFealures
of the Cliffside Units 1-5 Suck Creek new ash basin dikes are shoewn on Figures
¥ and 8. These figures and the folleowing descriptions are based on prints of
Duke's Drawing MNoa. C=-2015 (latest revision dated april 17, 1981}, C-2015A and
£-200158 {both with latesy revisiong dated January 31, 1281},

The Suck Creek agh basin was formed by construction of two earthfill dikes
across Suck Creek, Wrackebing a 3600-ft long meandering reach of the natwural
stream valley for ash storage. At the upstraam diks, the craek was diverted
through a canal to the Broad Riwver. The arrangement of the dikes and canal
are shown on Figure 7.

The downstream dike, located just upskream of the original confluence of
Suck Creek with the Broad River, is 876 ft long. The gpstream dike is 890 f¢
long. Both dikes were designed to have 15-ft wide crests at elevation 775
Eaer, Maximugm height of the downstream dike is about 120 ft above the
downstrean toa; that of the upstream Aike is about &0 £t above the downstream
{outside) toe and 65 £t above the ingide towe.

The dowmstream dike was designed to have a final upstream slope of 2.5H:1Y
from the crest down to A 15-ft wide Werm at slevation 737 £t, 2ZH: 1YV sloape
Below this berm to a lawer, >0-FL wide berm at 6753 ft; then 2H:1V slope down
to prepared foundation grade. The final dowmstream slope was designed to be
2.50: 1V with 2 berms: one 15-ft wide at elevation 725 £t and another 20 ft
wide at /B0 feat. The 2.5H:1V slope below the lower herm has a cover of
riprap designhned to ke 2.5 £t thick and bedded on a 1-ft Lhick grushed stone
layer. Beyond Lhe downstream toe there is a4 channel leading to the river.
The banks of Lthis channel are provected with weathered ciprap.

The upstream dike was designed to have a 2.5H:1V inszide =slope and 2.5H:1Y
cutside slope down Lo a4 berm at alevation 730 Feet; then 2H: 4V slope below the
berm. The sutgide slops {and berm} below elevation 7?35 ft were dezigned to
have a weathered riprap cover. )

Bokh the downsbeeam and upstream Jdikes were dosigned to have internal
drainaye consistiog of a zoned toe drain and blanket drain extending to a
goned trench drain located beneath the dike at approximately one-third the
total base width of the dike upstream from the toe (see Sections B-B and C-C
on Figure 3). Oosign called for the zoned drains Lo consist of a 1-ft thick
goarse filter sandwiched betwoen 9-inch thieck Fine filter layers. Bokh dlkes
have rock Intercept ditches logated alony the upstream and Jdownstream
embankment /abulment contacta.

The oSubklet for the ash hasin Is a reinforced corcrete drainage tower with
bolLtom discharges Llnlo a d4Z-inch diametey RCP which extends approximately 700
EL (horizontally] beneath Lhe downsiream dike at itg left abulment [(=ee Figure
7). Pigure 9 [Section A=A} shows a section view of the aunllak.
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The design iavert elevation of the pipe in the battom of the drainage
tower is T08.75 ft; the design outleb invert elevation is &80 fest. The pipe
was designed to be bedded on Eill eoncrete and ko be laid at 35 different
grades as illustrated on Section A=A, Figure 3. At each grade change the
design called for an anchor block. The design also called for 3 reinforced -
concrate cutoff collars around the pipe beneath the central and upstream
poetion of the embankment cross saction. The portion of the pipe beneath the
downstream onae-third of the embankment was designed to be encased in a zoned
drain simitar in design oo the internal drainage bhlanket and connected to it.
{The cparge filter zone, next Eo the pipe, was designed re be 6 Et thick.)

The drainage tower by design is supported on a reinforged concrete footing
anchored to rock. Removable precast =stoplogs which f£it in guides on 2 open
sides of the tower are used to control the water level in the ash basin. The
open sides are each 5 £t wide. The atoplegs are lifted by wmeans of a
removable cable hoist and gteel [rame on rop of the drainage towser. The Ewo
elosed sides of the tower have 5-ft wide permanent apenings beginning at
elevation 770 feet. The design top elevation of the platform on top of the
drainage tower iz 774.% feek. The tower platform is dccessed by a fFixed
walkway constructed of timber poles, steal framing and wood planking; by
design the poles are ancased in concrete fookings which are anchorsd te rock.
The drainage tower is encompassed by a floating skimmer with plywood "skirts™
to help prevent Floating debris and surface scum from entering the overflow
structure.

Size and Hazard cClassification - The Suck Creek facility has a "lacrge"
size classificaticon and "low'" downstream hazard potential according to the
Corps' criteria. Tha large sgize i based on the relakively great height
{grearer than 100 £t)] of the downstrean diks; the Llow downstream hazard
porential lg due to the abgence of downstream development,

Historiec Data

Design and Construction Information - Design studies, drawings and
spacifications were made fnr the Suck Creck ash Basin in 137273 by Duke Power
Company's Design group. Borings for the dike foundations and borrow areas and
laboratory testing <f borcowr solils weee pecformed by Dukes's Construction
group in khe spring and summay of 1973, Law Enginesring Testing Company
provided some geotechnical consultation during design and at times duaring
consbruction when reguested by DUKe Power. Law's reports, nhotes and othar
Information pertainitig to the Suck Creek project are included in job file
number CH 2003,

The subsurface axploratory work revealed a thin pesidual seil profile
@verlying jointed saprolite and partially weathercd rock at the aite of the
downstream dike. ALl the test borings for this dike encountered refusal to
the soil drilling tools at depths generally between 5 and 10 Eeet. Core
drilling of vefusal wmaterial revealed an extensive zone of severely weathered
and fractured gnelss rock with nunercus zones of pegmatite. The weathered and
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Fractured rock zone was found to be thickest on the abutments (15 to 30 £t
and Lhinnest immediately hengalh the walley boltom where the creek was
observed o run on exposed rock. Ledge rock ocutereps ware obsegved on the
eastern {right) abutment, and a local slump [(landslide) mass or alluvial
depasit of gravelly seil was found on the eastern abutment, just downstcream of-
the rock cutcrons and near the creek-

Because of suspected moderates permeability of the weathered, fractured
rock zone and thin aoil overburden, much of which would he removed down Lo the
fractured rock during Foundatian preparation, a generous internal drainage
system under tLhe downstream sleope was recommended by Law Engloeering and
incorporated in design {sce Physical Characteristicsl. The purpose of the
drainage system was to inkercept seepage through the Jointed saprolite and
fractured rock Eoundation and relieve uplift pressures on the embankment and
algo aveoid saturaticon of the downstream toe.

Reconnaissanca in 1973 discoversd several rock oukcrops along the creesk
valley slopes in the vicinity ofF the proposed borrow scurces located within
the bagin area, indicating the pagssibility of shallew rack in the Borrow area.
Law suggested that a number of boaring locations be explorad at resonably cleose
spacing Lo avaluate tho avarage depth to rock or weathared rock too hard to
excavate economnically for borrew material. Alsco, it appeared that the borrow
would contain namecous gravel and cobble to boulder-sized pieces of weathered
to anweathered roek. Law rocommended that the embankment £ill specifications
allow only pieces of rock smaller than 8 inches in Lhe fill. hdditional
exploration by test pits and auger borings were done Lo 1974 Lo investlgate
the availability and character of borrow soils for Lthe ambankment construc-
Lion; the work wags done by Duke personnel and equipment under Law
Engineering's technical divection. The borrow soils were predominately siliy
sands and gravelly siliy sands.

Slope stability analyses of the dikes and hydrolegic analyses of Lhe basia
were pecfoomed by Duke Poweor design engingers. The slope design criteria used
by Duke reguired a minimam safely facter of 1.25 at "end of construction™ and
1.50 undsr “steady state” operating conditions. Actual computed safety
fackors werve slightly greater than these ninimum griteria. Effective
ambankment s53il shear strength parameter used La the analysis of the down-
stream dike were ©' = 33° and &' = 700 ps€ for the maximum height saction
{crest elevation 775 Et} of the dike, The analvysis assumed a full {maximum]
reservoir level of 772 fL and a total unit weighi of 112 pcf for the
embankment. scilg. Hydrcloglc analyses regquired the basin toe safely pass
runcff from a 100 year [24d-hour duration) storm with a maximum water elevation
less Lhan or ajdal to 772 feet.

The Suck Cresk basin was constructed in Lwo phases. The firgl phase
consisted basically of excavation of the diverszion canal and canstruction of
the upstream Alke to elevation 745 ft and the downstream dike to elevation 725
feat. The First phase construction was begun in 1974 and completed in 1975 by
Purns and Spangler Construclion Company. The secend phase construection con-
sisted primarily of raising both dikea to aelevation 775 feet. However, the
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downstream dike was raiged in twn stageg, with the first stage involving
construction of khe dike to a kempovaxy elevation of 737 Ft sometime in late
1979, The second stage construction was dome by R. L. Wallace Construction
Company and was essentially completad in late 1980,

Specifications called Eor the dike embankments {Group I Eill) tc be com—
pacted to minimum densitics of 95 parcent of the standard Proctor maximum dry
dengity. Placement soil moisture contents were specified ko be wiehin Y 3
percent of Ethe eprimum meisture ocoatant. Sound, utweathered vooK was
specified for riprag om the toe of the dJdownstream dike. More weathered
"3irty" riprap was peemitted on the channel below the downstream dike and on
the toe of the upstream dike.

During Phase I constructicon in Hay, 1975, the middle gecticn of rhe
partially filled upstream dike washed out when Flocd water overtopped and
breached a4 temporary cofferdam that was used for diversion of Suck Creek.
Runoff From heavy rainfall {estimated at approximately 5 inches in a 12 hour
periad), backed up in the diversion canal due to a construction access fill
bridge that had been placed across the canal. The £il11 bridge was about the
same height as the cofferdam and had a swmall pipe culwvert which was not
sufficient ta carry the flood flow; as a result the water backed up and
gver topped the cofferdam.

Prior to Phase I1 construction at the downstream dike, test borings were
made from the crest {at elevatlon 725 fr} of the Phase I embankment which had
been in-place about 3 years. Law Engineering made thege horings and alse
performed Field permeability tests. Borings through cthe embankment owver the
rigny abubkmont foynd an apparent phreatic swrface congiderably depragsed
compared ko that encountered in the other borings. Eanes of wvecy goft
embankment soil were encountered near the embanknent bottom in thess borings;
loss of drilling f£luid occurred at the top and within the soft zones. Blue
dye¢ was introduced into the holes on the right abubtment length of embankment,
but the dye never showed up at the downstream toe or in the intermal drainage
gutlet. {Mr. P. C. Surley of Duke Power's Design Division has indicated the
dye eventually was obsecved several meonths later helow the right abutment.}
Also, soft zones of f£ill were found within the sembankment well abowva the
indicated bottom in horings on the right abutment, and concentrations of rock
pleces wers encoaunterad in the fill in some of these horings.

The depressed water levels in the right abutment Dorings were thought to
possikbly be caused by gpeted joints in rock in the right abutment. It was=
surnized that the wvery soft embankment solls may have formed due to the
erosion of soil fines into npen rock joints. An alternative explanation was
the very soft £ill ar the bottom of the embankment may have been the regult of
an uneven prepared abptment surfdace which prevenked adeguate compaction of the
soils wsing large mechanized eguipment, and the very soft zones within the
enbarkment might have beean matcrial that was uncompacted dee bta rock pieces
being insluded in the £ill. It appeared, based on the dye tests, that seepage
entering the foundation was net being intergepted by the drain; hak was =ither
going hencakh Ehe Blanket and toe drain, or going beneath and arcound it in the
abutment hillzide.
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Az a result of the above, Law Engineering advised that the blanket drain
for Phase LI construction should be placed directly on the stripped, prepared
Foundation, with no intermediate layer of compackted f£ill, *o increase the
ef fectiveness nf the drain in intercepting underseepage; this was incorporxted
in design. Ta rceduce the possipility of internal erosion of sSoil into open”
joints in weathered rock, two altersnatives were recommended. The First was to
strip the weathered rock of its thin scoil overburden {where overburden less
than about 10 ft thick] within at least the wmiddle one-third {core area)l of
the Phase IT dike c¢ross section; clean and thoroughly slush grout the exposged
gurface of the rock te seal open joinks; then backfill with the more elayey
borrow solls tn the first 3 €t above the slush grouted rock [oundation.  The
second alkernative was to extend the blanket drain t2 the centerline of the
Fhase [1 embankmnent and place a formal grout cortain cutoff through the badly
weathered and jointed rock =zone along the centerline of the dike. Esgen-
tially, the first alternative {stripping and slush grouting} was done. Also
recommended, and implemented, was remeval «f rock overhangs and sleping back
{.5H: ¥ of near vertical rock ledges within the middle one-third of tha
embankmant at the abutments, to reduce differential sectlement and atd in
phbaining a tight contact between the enbankment and abutment.

During Phase II construction at the downstream dike, a temporavy laterxal
drain was installed to rouke seepage from the drainage blanket of the Phase I
dike throygh the Phaze TI dike foundation preparation area. The drain
consisted of a trunk drain rcunning aleng the lowest portion of the prepared
foundation, approximately perpendicular to the centerline of the dike, and
sevaral branch drains connecting various springs and low poinks ko the trank
drain. The drains were constructed of coarse filter material on the rock
foundation and fine Eilker material over the coarse filter. The Phase II Eill
was constructed over these drains, but before completion of the Phase IT
embankrent., a grouting operation was undertaken t& seal the temporary drains.
Thiz waz accomplizhed by drilling and groubting through heles on the embankment
when he embankment was no higher than aboue 20 £t above the drains. The
grout was specified to be a combination of aodiwn silicate, portland cemant
and other chemical coemponents.

Duke file numbers C=-280A and C-=-5434 contiain much of the informatiasn
pertaining ko the Sock Creek hasin and dikes.

Inctrumentation - There apparently is no instrumentation on the existring
upgtream and downstream dikes. Barly design drawings indicate zeveral surface
monutents Eor setklement monitoring on the Aownstream slope just below the
Phasae II grest {(elevation 77% Fr)l of the downstream dike and ewe zurface
monwments near bhe Phase I ecrest (elovation 725 ft). Later, vevised drawings
do not show the monuments near the Phase II crest. Those on the Phase I
crast, if installed, were prosumably covered by Phase II consbruction.

Previcus Ingpections - No formal previogs safety inspections of the Suack
Creak ash retenton dikes have been made by an  independent consulbant.
Howaver, Duke Power engineers inspected the varioos phases of construction and
performm formal inspections yesarly; more freguent general observations are made
by the plant maintenance pecsonnel. Ho significant problems at the dikes have
been noted in the relatively brief btime period since completion of the Phase
II construcktian,
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Present Operation and Future Plans - Sluilce pipe lines digchavge aszh
siurry from all five units at the gteam plant into the wpper end of the Suack
Creek ash basin. Also, water from the yard drainage holding pond at the Units
1-4 basin is pumped into the Sack Creek basin. Water circulates through the
bagsin and leaves through the drainage tower ak the downstream dike.

The water level in the basin was ar about elevation 738 or 739 ft atc the
time af Lnspection. The water level will gradually rise, a= the bagin Eills
with settled ash, to the maxkimum operating stoplog elevation of 770 feat.
Afterward, the water level will remain relarively constant at or just abova
the maximum stoplog elevation, excent during chemical cleaning of the plant
beilers. During and after chemical ecleaning, the plant effluents are retained
in the Basin for a period of & days for pH adjustment before making a release
inta the river. When the basin water level approaches the nazimum operating
level, the operation will invelve lowering the water level, just prior to
chemical cleaninyg, to allow sufficient storage volume for the S5-day accumuala-
tion of beilec rinse, ash =sluice, yard drainage and sump water, and 100
percent runcff Erom a 10-year, & day duration rainfall (9.75 inches).

Futuce plans are +to operate as  descrihed above. Buke's currant
projecticns are that the present Sugk Creek ash basin should have sufficient
storage capacity to last until the wear 2001, Thus, no major additions or
modifications to the ash storage basin are presently being contemplated for
the pear future,

Hydrologic Analysiz - an independent hydeoloytie analysis of the Suck Creak
ash storage basin has been made based on the readily awailable informabion.
Elevations and geonetrical data shown on the design drawings have been used in
the analysis but hawve not been verified by actual measurements with surveying
inscrunents. The pertinent hydrologic data used in the analysis are
summarized below:

Drainage Area: 258% hcres
Average Land Slope: 131 percgent
Estimated Corve Wanmber [(CN]: g0
Hydraalic Length: 2500 £t
Time of Concentration: 7.3 Hr.
Top of Spillway Elevation: 770 {Hax. stoplog Height) £t
Top of Dam Elevatlon: TS fr
Pond Area at Top of Spillway Elevation: 31X Acres
Pord Area at Top of Dam Elevabion: 97t acres
Surcharga Storage!
EL. 770=7272: 189 Acre-Fh.
El. 772=-175; 281t ncre-Fr.
Maximun Base Flow: 8 ofs (From Ash 5luice Lines!}

The above dralnage area i5 from Duoke's files and closely agreess with
planimeter measurement on USG5 topographic maps. The pond area (and calcu-
lated storage valumes) are based on planimeter medsucements on a topographic
map available from the Files (Quke Drawing Wo. C-2015). The curve number (CN}
was estimated assuming approximately 35 percent of the drainage area covered
with waker and the remaining area pasture ¢r range with Class B sgoils, Fair
hydralogic condition and AMC-II.
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Based on the large size of tie downstream dam {(but low hazard potentiall,
the Corps of Enygineers® criteria stipulate a design storm eguivalent to at
least 1/2 the probable maximum precipitation [1/2  PMF). From
Hydroneterolegical Report 33 {with adjustments by the NWS in 1973} the a-hour,
10-ggquare mwmile rainfall depth is 29.2 inches for the Cliffside area.’
Adjusting for gtorm duration, the 24-heur rainfall amount is 36.5 inches (by
Fig. 2-6 in SC5 TR-60, 19%6). Thus, 1/2 FMP cquals 18.25 inches. Based on
the estimated CW value of B, the amounkt of direck ranoff ig 15.7 inches, or a
roelume of (15.7/12 x 258 =) 337.9% acre~-faeet. The total present stocage volume
available between the maximum spillway elevation {770 £t) and top of dam
elevation {775 EL] is approximately 470 acre-feet. Thus, the Suck Cresk basin
presently could store the runcff from 1/2 PMP with about 1.4 ££ of freeboard,
conservatively assuming no sutflow during the storm and a basin water level at
770 Et at beginning of the storm.

Yhen the bagin approaches retirement, it is possibkle that the ash level
could be higher than the maximum gpillway elevation, particularly at the upper
end 0F the basin wnere the ash is sluiced into the hasin, [Des5ign drawings
indicate a maximum ach alewvation of 772 feet.) This of course would reduce
the surchavye starage volume available For containment of flood runoff. Thus,
the capability of the basls to pass runoff from the 1/2 PMP storm at
retirvemant was checked assuming the ash level at elevation 772 Et in the hagin
excent right around the discharge wower {(essentially no surcharge storage
between elevations 770 and 772 Ffeet). A discharge curve was developed for the
drainage tower, and infleow hydrographs for the 1/2 PHMP storm (both 6-hour and
24-hour dAurations) were prepared using procedures and aids conkained in the
Saoil Conservation Service's Hational Engineering Handbook, Section 4 {5C5
WEH=-4, 1972}. FERouting curves were developed, and the inflow hydrographs ware
vouted through the basin using graphical procedures. The peak basin water
elevation produced by this flood rouking was slightly less than 774 ft,
leaving at least 1 £t of calculated Ereebpard. Using another roubing curve
Wwhich asgumed gurcharge storage volume between elevation 770 and 772 £t egual
to ong-half its present volume {i.e., simulating & final ash deposlt above 770
Et that eccuopics only 172 the wvolume between 700 and 772 ft), a peak basin
water Llevel slightly greater bthan 773 £t resalted, leaving almost 2 fc of
caleplated freeboarxd.

The above analysis indicates that the Suck Creek basin should ke capable
of passing flood runcffl from the /2 PMP storm, though the maegin of freesboard
may be small when the bazin approaches Full capacity with settled ash.

Field Inspection Observations

Downskream Dike - The crest of the dAownstream dike has a surfacing of
crushed stone which had been partially overgrown wikh grass (Plate 13}, Ho
tension cracks or major depresgions were seen on the crest.

The water level in the ash basin was just above the level of the uppermost
berm on kthe upztream slope of the dike, or at aboub elevation 73B or 713% ft at
the time oF inspection. The upstream slope above the water surface was
covered with a relatively tall stand of matwre rye ygrass {(Plate 14}. ERemnants

-0

- s LW ENGINEERING TESTENG COMPANY e




ofF a bicdegradeable fabric wused for  temporary  evosion gantral during
establishment of the grassing were visible on the slopa. Ho slumps, slides of
erssion weve obscrved on this slopse.

The downsiream slope similarly was covered with the rye grass, excegt on
tha riprapped portion of tha slope below Lhe lowermosL begm (Flate 13).
Remnants of the orosion control fabric were also seen on this slope. Ho
slumps, slides, or seepage werse seen on the downstrean slope. Harrew erosion
gullies were obsarved on the portion of the downstream slope above the

uppermost berm. The worst of  these is about 3 ft deep (Plate 16}. The
qullias appearsd to predominantly oceur aleng rips or tears in Lhe eresion
control fabric. The fabric appeared Lo have creases at regular intervals

cunning up and down the slape; the rips in the fabric f(and the gullies) seamed
to ocour primarily along the creases. There is an accumulatieon of silt on the
uppermest berm [Plate 17), evidently the result of erosion of soil from the
slope above the bherm. There was evidence of poor drainage and ponding of
surface runoft on this barm i(see Flate 17). The slope between the upper and
lower berma on the downsiream face was free of the gully erosion (Plate 18).
He secpage was observed at the interface of the embankment with the rock ledge
{vigible in Plate 18} near the base of the right abulment.

The riprapped channel leading from the downstream toe of the dike to the
river was clear and relatively free of vegetation {Plate 19). The viver level
was observed to be below the channel botiom elevation, and thus was apparently
far below the normal elevation 6680 f+ wwhich is above the channel bottom
according to the dagign Section B-8 on Figure B. (A check of river stage by
Duke confirmed that the river level was below elevation 680 £t at the time of
inspection.) There was a relatively small flow of clear geepage from the base
of the riprap at the tos of the dike {(Flate 20}. A couple of small clear
seepage flows were oboerved beyond the dike toe at the left (west) bank of the
riprapped channel, near the end of the channel. Several wery small, red
calored seeps [fike Lhat shown in Plate 21} were alsa seen along the left bank
ot the channel.

Upstream Dike — The upstream dike was ohserved bo have conditiona similar
to those of the downgtream dike. The crest has a surfacing of &rushed stona
{Plate 22). Ho tension cracks or major depressions were geen on the crest.

The inside slope {(Plate 23} and outside slope (Plate 24) were covered with
rye grass. Prastically all the erosion conteol Fabric had degraded and only a
few Lraces remained. Mo significant erosion was sean on the slopes, and there
was no evidence of ecither shallow or deep shear failures. Ho seeps oOr weal
80ils were observed on the downstream slope.

The riprap on the pukside toe of thiz dike [Plate 25) is of poorer guallty
than that abt the downstream dike; the rocks are more weabthered. Small bushes
are beglinning to grow in the riprap. The low area beyond the toe {(out to the
diversion channel of Suck Creek) is covered wikh a tall stand of lespedeaza
grass. Though this vagelalisa obscuved the arsa beyond the uoe, there did not
appeal ta be any seepage or wet areas ar the base of the riprap. {The
impoundad water level on Lhe ingide glope was only 8 or 3 ft higher than Lhe
level of the cutgide slope berm at the time of inspection.)
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The oulside toe portion of the upstream dike appeared somewhat different
than called Ffor by the design illustrated on Section C-C of Figure 8. The
riprap Adoes not extend upslope {5 £t vertically] from the berm. Also, the
cutlet end ©f the internal drain iz Shown to be jusli above the berm on the
dzsign section. Howewver, it is5 understiood Erom Ouke Design that, as-bullt, -
Lhe inlaernal dyainage blanket 1Is located baeneath the berm and has its cuatlet
end fovered with the riprap on the slope below the barom.

Tutlet Works - The wisible portion of the dArainage vowex was in  goad
visual condition (Plate 26). Water was flowing into the dralmnage tower at the
time of inspeclicn and discharging from the ocutlet end of the 42-inch diamsitar
bottow discharge pipe {(Plate 37} which alsa was in good wisual condition.
Some surface erosion was observed in the =sail fill just back of the headwall
at the outlet. Howaver, no secpdge was seen arcund the pipe outlet and no
dropouls were obgerved in Lhe embanXment soils aver the pipe.

Conclusions and Recommendations

The Suck Creek ash retentiegn dikeg are in good visval cendition, and ng
further stody of structural stability is recommended at this time. ¥Ho visgal
signs of desep seated Lnstability or internal erocslon (piping) were observed.
Actual meaguerements of gecmetrice features, such as slope angles, crest widihe
and welegvationg, etc., were not made, but most 2xternal physical character-
istics appeared to be substantially those called for by design, on the basis
af visaal observation. An exception 1s the apparently lower than design
elevation of riprap on the outgside toe of the upstream dike. also, the
as~built location of the internal blanket drain of the upstream dike
reportedly 1s different than indicated on the design section. It iz recom=-
mended that puke design engineers make note of these as-builc features on the
projeclh drawings.

It i5 regomrended thal rvepairs bhe made to the gully erosion ndted on Lhe
downstream slope of the downstream dike. ¥o other remedial action appears
necessary on the dikes, other than rvoutine maintenance and inspectlions by
plant persoanel. It is regommanded that Duke design engineers inspect Lhe
dikes from time to time a3z the operating level of the water in the hagin
riceg. It i5 suggested that these inspections be done for avery 5 to 10-ft
rige in the waler level, but not lesg than once yearly. The inspections
should check in particular for development of saturation of the downstream
Elope soils of both dikes, seepage at the embankment interface with the rock
ledge at the left abutment of the downstrean dike and changes in the clarity
or flow of Lhe seepaye from the downstream dike toe.

The resulls of the hydrologic analysis indicate that the Suck Creek ash
basin should be hydrologically safe for a flood produced by (/2 PBME, This
degree o0f hydroelogic safety for the "low" hazard dike iz rconsidered
gsatisfactory by current regulaitory guidelines, and no Furthar hydrologic study
ig recommended at thig time, The outlet works for the Suck Creek hasin
appeared Lbo be in good working arder at the time of inspection. It would be
advisable to repair the soil erocsion ogcurring back of the headwall at the
cutlet end of the discharge pipe, to minimize the possibitity of the avasion
despening, progressing dawn the bank, and undermining the chute below the
cutlat.
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PLATE 1.

PLARTE 2.
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PLATE 10.

- VIEW OF
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FLATE 13. - CEEST OF SUCEKE CREEX DOWNSTREARM DIKE

PLATE 14.

- UPSTREMM ELOPE OF SUCK CREEK DOWMSTREAM DIKE



FLATE 1&.

- POWHSTREAM SLOPE OF
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PLATE 21.
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= RIPRAPPED OUTESIDE TOE OF SUCKE CREEE TPSTREAM DIXE

ELATE 2t. - VIEW OF SUCK CREEK
ARSH BASIN DRRIMAGE
TOWER



PLATE 27.

oF

42-THCH RCP OQUTLET FUR SUCK CHEEK ASH BASIN






;




ANNUAL DAM INSPECTION CHECKLIST
Duke Energy
Program Engineering

NAME OF FACILITY: C,/fr//f; ;‘C/{j ,S'f*fﬁ?m S‘Hr'c:h

LOCATION: Municipslity: [ 1600 €5 bote LM comty: Kyt e rfarct
CLASSIFICATION DATA: Size: B S ey -‘Hazard: l'd’/ ‘< b
PHYSICALDATA: ~ Swek Cieek  Dike (Uyprives Plfe ) |

Type of Dam: Efrﬁ,e.;.; Height of Dam: {25 101'[‘ Normal Pool Storage Captcity:; 4 ;’-E' a&TH
ELEVATIONS: : '

Normal Pool: 7 (;p 7 Pool at Inspection: 7é’.§-: ""i": "f Tailwater at Inspection: ﬂ}ﬁf

DAM OWNER: Like Exeﬁf ~ Sfeve  QPERATOR: /. Afe Eiret;?;
ook es |
ADDRESS: !U//% 7€ _

{, .
PHONE: { ) "U/’d Faxno.: { M / & .!-I—Ma!!.l].. ADDRESS: o /4

PERSONS PRESENT AT INSPECTION:

Name Title/Position | Eepresenting

S Hodss St EHS fdfespes! EXS fmggﬂf Ouver
el e le FE | Zagar b g"; s

DATEDFTNSPE{Z;T[{JN: T/ 17 J 03 .

WEA.THE.E.I.: _ .5_‘9"'&._/

TEMPERATURE: .g;é;” F

This is to certify that the above dam has been inspected and the
following are the results of this mspection.

L2 A {;;7%1 FE. f’f’/’%’?

* Date

Draft Program Engineering Annual Dam Inspection



[ NAME OF DAM: | DATE; ]
3 gl g
i CONDITION COMMENTS g | 5 5
2 é & | W

EMBANKMENT: CREST

1 | Surface Cracking ElnlIn
2 | Sinkhole, Animai Burrow _D—
3 | Low Areas) :E:
4 | Horizontal Alignment
5 | Ruts and/or Puddles E::E:E:
6 | Vegetation Condition
7 | Waming Signs LI
g %U
9 T}

Additional Comments {Reier to item number if applicable):

EMBANKMENT: UPSTREAM FACE
10 | Slide, Slough, Scamp .

11 | Slope Protection .~

12 | Sinkhole, Animal Burrow
11 | Ernb.-Abut. Contact '

14 | Erosion

15 | Vegetation Condition -

16

7

EEEEEEEE
EESESSSS
EEEEEEEN

Additional Comments (Refer (o itern number il applicable);

Drafi Pape 2 of §

Daate Revisad: 5/00



| NAME OF DAM: | | DATE. |
E CONDITION COMMENTS § E g
= EIE

EMBANKMENT: DOWNSTREAM FACE

15 | Wet Area(s) (No Flow) LI L[]
15 | Seepage At Foe  in ik tligeds E:—D_
20 | Slide, Skough, Scarp T
21 | Emb. - Abut. Contact —D_
22 | Sinkhole, Animal Burrow oo Aa T [J]
23 | Erosion D_
24 | Unusual Movement T
25 | Vegetation Control ]
26 | Slope Protection _G_—ET
27 %UU

Additional Comments (Refer to item number if applicable);

EMBANKMENT: INSTRUMENTATION

28 | PiezometersfiObsery, Wells -
29 | Staff Gauge and Recorder

a0 | Weirs

31 | Burvey Monuments

32 | Drains

33 | Low Flow Release

34 | Frequency of Readings

35 | Location of Records

36 :

37

SEESSEREES
SEESSSaRSE
EESEESEERE

Additional Comrments (Refer wo itern aumber if applicabic):

Mraft

Fage 3 of 8

Date Revised: 509



! NAME OF DAM: [ | DATE:

= 2| g

b CONDITION COMMENTS & :E é

= -
DOWNSTREAM AREA

38 | Abutment Leakage D

32 | Foundation Seepage Mt ed Toe f Lot Erveod'c ) _H_%

40 | Slide, Slough, Scarp = 7 1]

41 | Drainage System EE

42 | Boils CHI OO L

43 | Wet Areas -3 T

44 | Reservoir Slopes %_D_%

45 | Access Roads -E—

46 | Security Devices D—_D__D—

47 | 8igns and Buoys HIREIIN

42 LI

49 miimiinl

Additional Comments (Refer to item number if applicable):
K Tt s desirable fo have oo more @ (eSpmteblo
Fhrongh  wietlncly  of Fhe ﬁ:.e,) howaver, pmoy e merw
horni  HHosn  Sood E mre o € lewrnd Froy U be
Fop wv.f‘t@r wio oSS, See what ﬁ;m&% Seys

SPILL.WAYS: ERODABLE CHANNEL

56 | Slide, Slough, Scarp
51 | Erosicn

52 | Vegetation Condition
53 | Debns

54 |-
55 _
Additional Comnents {Refer to ilem number if applicable):

EEEESE

L]
£
iml
(]|
inl

SEESES

Dralt Paged of B [ate Revised: 5700



| NAME OF DAM:

—

| DATE:

ITEM

CONDITION

COMMENTS

Mowror
Brerar
Eoshm:

SPILLWAYS: NON-ERODABLE CHANNEL

56 | Sidewalls

57 | Channel Floor

58 | Unusual Movement

59 | Approach Area

60 | Weir or Control

61 | Discharze Channel

62 | Boils or Bimps

B3

&4

NanEEEEEE
ESEEEEEEE
EEESNEEEE

Additional Comments (Refer to item oumber if applicable}:

SPILLWAYS: DROP INLET S
65 1 Intake Struc L}
&6 T;asyrmt}zu ‘m B_%:U
:; Stilling Basin B:_D_:B:
69 TIITT

Additional Comments (Refer o item number if applicabie):

Drafi

Pape 5 of &

Diate Rewviscd: 5089



[ NAME OF DAM:

| DATE:

ill

=4
. Elsl|g
'-[_‘-‘ CONDITION COMMENTS é E FE

OUTLET WORKS
70 | Intake Structure D D D
71 | Trashrack ET:E:
72 | Stilling Basin ]
73 | Primary Closure D_% [
74 | Secondary Closore D__E
75 | Control Mechanism E:_E_ ]
76 | Outlet Pipe %:
77 | Dutlet Tower D_%_
7% | Outlet Structurc [T %
7% { Secpage miinl
8¢ | Unusual Movement g:H::E
31
82 miinlinl
Additional Commenis (Refer o item number if applicable);
- RESERVOIR AREA

104 | Sedimentation . ' ] ‘E__H_
105 | Slope Stability 7]
106 | Sinkholes E“D_T_T
o7 T Fracioees %ijgjg
108 | Unwanted Growth D_"D__D—
109 | Storage Gage
: mEimiin]

miINIIR

Additional Commments (Refer to item number if applicable):

Draft

Page 6 of 8

Daic Revisod: 5/09



} NAME OF DAM: | DAYE:

CONDITION COMMENTS

ITEM

Movimr
Rrrar
Ectuze

Final Comments:

DAM Inspection CHECKLIST
Duke Energy
Program Engineering

NAME OF DAM: 3 - |

This is to certify that both the Dowmnstreain Hazard Description is accurate and the Posted Notice
locations Nsted below have been inspected and the following arc the results of these inspections.

Mame of Dam Owner Signature of Dam Owner Daie
This Dam Owners Notice Checldist is to accompany the Inspection Checklist flled by the Engineer,
EMERGENCY ACTION PLAN

Date of Last Update of Emergency Plan: |

Downstream Hazard Description, additionally, specify any new developments, structures, etc. downstream within
the inundation arca:

Action Items

Drrafl Page 7 of & Date Revized: 5/09



ITEM #

DATE
INSPECTED

LOCATION

COMMENTS

OISO OO S0 Exse
OSSR O OO (0 Missme
0|00 {0 0 CH O E CHERL)| Revacm

Additional Comments {Refer te ilem number if applicable):

Diraft

Page 3 of &

Drate Revised: S04




ANNUAL DAM INSPECTION CHECKLIST
Duke Energy
Program Engineering

NAME OF FACILITY: (. [{ T¥S Al Stwam Stti..

] i
LOCATION: Municipality: f"j e s ber o . A County: E e s ;{E:r tg,t;/
CLASSIFICATION DATA: sie: X crres Humardi i
PHYSICAL DATA: MAIN PrEE | _
Typ+ of Dam: ﬁ-ﬁ_r'f_tf‘&f\- Height of Dam: ! 0 .lﬂ'{-" ~ Normal Fool Smr'ﬂge Caparity: 2 CZ% acfr
ELEVATIONS: ' |
Mormal Pooi: '? é’ ?’ Pool at Inspecton: ?(;:;»5- “:,lr""f{ Taillwater at Inspection: M

DAM OWNER: L ke Lvergy - Heve  opgraTOR: _ [uke Ei,e;j i

=
ADDRESS: ! U//ﬁf H%ES

PHORE: () % FAXNO: {_ ) % E-MAIL ADDRESS: "“”/4

PERSONS PRESENT AT INSPECTION:

Name ‘Title/Position Representing
Steve. Hadies _. St EHS Frofessu i EH T - Efag et funer
Aeffey /M'ﬁ'f-'h . Efe{j‘;‘h wey FL SHetion Led oy g
ff-ﬁfﬂrfhf TE;/;" s .(19& Pl = vy P ﬁdsimm E‘QJ‘W"'!‘-?
i 7 g ' 7 Gy = —
DATE OF INSPECTION: NI
WEATHER: Sénny
7 5
TEMPERATURE: &eo

This 15 to cerlify that the above dam has been inspecied and the
tollowing are the results of this inspection.

LK. T = 1107 /6%

£ Dhate

Ciraft Program Engineering Annual Dam Inspection



| NAME OF DAM: [ | DATE: |
= E = g
E-:-] CONDITION COMMENTS E
= - =

EMBANKMENT: CREST

1 | Surface Cracking [ ] L
2 | Sinkhole, Animal Burrow E%ﬁ
3 | Low Area(s) ]
4 | Honzontal Alignment %H_E
5 | Ruts and/or Puddles CI LT
6 | Vegetation Condition U-B—U
7 | Waming Signs D_E_:g
8 ] :B:
? miiniinl

Additional Comments (Refer to item pumber if applicable):

EMBANKMENT: UPSTREAM FACE

10 | Shde, Slough, Scarp

11 | Slope Protection

12 | Sinkhole, Animal Burrow

13 | Emb.-Abut. Contact

14 | Erosion

15 | Vegetation Condition

16

17

EEEEEEEE
EESEEEEE
ESEEEEEE

Additional Comments (Refer to item number if applicable}:

TDrrafi Page 2ol B

Date Rovised: 5009



} NAME OF DAM: ¢

—

| DATE:

ITEM

CONDITION COMMENTS

Miimw
Rrear
Frohm:

EMBANKMENT:; DOWNSTREAM FACE

13

Wet Area(s) No Flow} | K-l nawe grons . abope  Becch

19

Seepage Jo-e

20

Slide, Slough, Scarp

il

Emb. - Abut. Coittact

22

Sinkhole, Animal Burmow

23

Erosion

24

Unusual Movement

EEEREC

25

Vegetation Control L A s A If.-s:ﬂ_‘_h

26

Slope Protection

7

EEEESEEESE

EESEEESEEE

Additional Comments {Refer o itemn number if applicable);

EMBANKMENT: INSTRUMENTATION

22 | Piezometers/Obsery. Welis
20 | Staff Gaupe and Recorder
30 | Weirs
31 | Survey Monuments

32 | Drains .

33 | Low Flow Release

34 | Freguency of Readings

35 | Location of Records

36 '

37

EEEEEEEnNS
EENESEESEE
EESEEREwEE

Additional Comments (Refer to item number if applicable):

Drafl

Page 3 of §

Date Revized: 5/0%



| NAME OF DAM: i | DATE: |
E CONDITION COMMENTS é E g
= é -
DOWNSTREAM AREA
32 | Abutment Leakage _ .
3¢ | Foundation Seepage Botlove, o4 Viki Tae
40 | Slide, Slough, Scarp ]

41

Drainage System

2~
42 | Boils %—%%
43 | Wet Arﬂas EF_E—D_
e miimiin)
46 | Security Devices ginlinlin
47 | Signs and Buoys 1a1aa
; mliniint

Additional Comments (Refer 10 item number if applicable):

SPILLWAYS: ERODABLE CHANNEL

50 | Slide, Slough, Scarp
51 | Erosion

52 | Vegetation Condition
53 | Debris

T

35

AEREEE
SESEeS
BEEERS

Additional Comments (Refer (o item pumber if applicable):

Dralt

Page 4 of &

Digte Revized: 500



[ NAME OF DAM:

i DATE:

CONDITION

ITEM

COMMENTS

Mennos
Rerar
Fialuze

SPILLWAYS: NON-ERODABLE CHANNEL

56 | Sidewalls

37 | Channel Floor

5% | Unusual Movement

59 | Approach Area

&8 | Weir or Control

61 | Discharge Channel

62 | Boils or Bimps

63

od

EESEEEEEE
EESEESEEE
EEESENESE

Additional Comments (Refer to item number if applicable).

SPILLWAYS: DROP INLET
65 | Intake Structure El D
66 | Trashrack ET_'T
§7 | Stilling Basin niiniinl
o8 O]
69 wiinlinl

Additional Comments (Refer o item number if applicable);

Draft

Page S of &

Date Hevised: 5:09



{ HAME OF DAM:

| | DATE:

—

I'-'E_J CONDITION COMMENTS % E §
= =,
OUTLET WORKS
70 | Intake Structure HRIEIIN
71 | Trashrack D_E_U
72 | Stilling Basin E:E::H:
73 | Primary Closure L]0
74 | Secondary Closure E__H__H_
75 | Contrel Mechanism 1nE
76 | Outlet Pipe EE:_H_
77 | Outlet Tower
7% | Qutlet Structure Hinferp. L e ot Coperete ppn R of cuthef ﬁﬁ%
79 | Scepage -
80 | Unusual Movement U
31 I
Z miinlinl

Additional Comments (Refer te item number if applicable):

104

Sedimentation

RESER_Y{)IR AREA

105

Slope Stability

]

Sinkholes

107

Fractures

108

Unwanted Growth

19

Storage Gage

nao

111

EEEEEEEE
BEEEEEES
SSEEESES

Additional Comments {Refer to.item aumber if applicable):

Draft

Page 6 of 8

Dale Revised: 500



{ NAME OF DAM: | DATF:

CONDITION COMMENTS

Mormon
Rerar
)

ITEM

Final Comments:

DAM Inspection CHECKLIST
Duke Energy
Program Engineering

NAME OF DAM: |

This is to centify that both the Dovwnstream Hazard Description is accurate and the Fosted MNotice
loeations listed below have been mspected and the following are the results of these inspections.

Name of Dam Qwner Sipnature of Dam Owner Datg

This Dam Owners Notice Checklist is to accompany the Inspection Checklist filed by the Engineer.
EMERGENCY ACTION PLAN

Date of Last Update of .Emergenty Plan: |

Downstream Hazard Description, additionally, specify any new developments, structures, etc. dewnstream within
the inundation arca:

Action Items

Crruit Pape Tof & Date Bevised: 509



DATE

INSPECTED LOCATION

ITEM #

COMMENTS

0 O O 0 905

OO OO OOHOOIa ] vissime
O OO0DO00O00ac] Rewse

Additicnal Comments (Rofer to item number if applicahle):

Draft Papc B of 8

Datc Revised: 5%




Duke Energy Fossil Impoundment Dam Inspection Program Procedure rev.000
DUKE ENERGY
MONTHLY DAM INSPECTION CHECKLIST
NAME OF STATION: Cliffside Steam Station COUNTY, ST: Cleveland Co, NC
INSPECTOR: S{fue [odien 1(hue—  INSPECTION DATE: | [31/11
WEATHER: _ weap = AMT OF RAINFALL Ve
Sy [ guecces F IN LAST 24 HOURS: MN{¢VE
Pool Level Pord Reedingy 33.5
Primary Pond Level: 24, Uf
Main Dike
Interior Slope _Yes | No | N/A | Monitor | Repair Evaluate
Are there any cracks, slides or erosion? ] L] ] [] [ ]
Are there any rodent burrows or depressions? A [ ] ||| [ |
Is there vegetation or sediment in the riprap? L] [] [] [ ] L]
Is there vegetation over 2 inch diameter? Ll EE | O W
Comments:
Crest Yes | No | N/A | Monitor | Repair Evaluate
Are there large cracks? L] L] L] Ll
Are there low areas or potholes? w1 = | |
Is there vegetation greater than 2 inch diameter? O]l O L] L]
Comments:
Exterior Slope Yes | No | N/A | Monitor | Repair Evaluate
Are there cracks, slides or erosion? X[ [ L] | L1
Are there rodent burrows or depressions? O [ K| [ i L] [
Is the grass cover in good condition? KOO O O O
Are there areas of seepage? O KO L] ] []
Is there vegetation greater than 2 inch diameter? O || O ] ] L]
Comments:
Outlet Structure Yes | No | N/A | Monitor | Repair Evaluate
Are the valves and operators in good condition? LI | O [] )
Is the system operable? =4 L] L] LI [
Is the outlet structural material in good condition? | B | (] | [] | [] L] L
Is the walkway to the outlet in good condition? K[ O[O L] L] []
Comments:
NCDENR Recommendations
| Yes [ No | N/A [ Monitor | Repair | Evaluate

Observations and Routine Inspections

16

Program Engineering



Duke Energy Fossil Impoundment Dam Inspection Program Procedure

rev.000

Observation of wetness of surface of dam
embankment. Please see NCDENR report
CLEVE-049 dated April 6, 2010. Areas should be
monitored with respect to wetness of areas. Are
any of these areas change in volume and/or color
of wetness? (If yes, please describe in comment
box below)

Comments:

Observation of irregularities. Bulges were
observed on the upstream slope and downstream
slopes. They appeared to be stable at time of
inspection but should be observed. Have these
areas shown any sign of change? (If yes, please
describe in comment box below)

Comments:

Observation of sedimentation at embankment drain
discharge channel. This area was cleaned out but
needs to be regularly inspected for sedimentation
deposits and also the discharge pipe running along
embankment, especially when river raises in
elevation. Are there any changes in sedimentation?
(If yes, please describe in comment box below)

&

]

]

O

v — 5; T and [reoaves ueee .r_f.-'p{;; feld er e Evit f’d& E. 5 ,J{.;‘_,: e
IS nermel cadl & smell  chenpel 5o ”ﬂa f"lu..n fﬁ"j!r’rh‘_j
Suck Creek Dam

Interior Slope Yes | No Monitor | Repair |  Evaluate
Are there any cracks, slides or erosion? O @_ [j ] ] ]
Are there any rodent burrows or depressions? g 74 D D g H
Is there vegetation or sediment in the riprap? OO ] ] ]
Is there vegetation greater than 2 inch diameter? [] (] il

~ small aves whtie o quf\l i 0P ey gheCR Wes FfpPATs.d o
CRmments; S wooth  gut 'rLa II?t{“'l.'ll"-rx i ARty }C{ant <
Crest Yes | No | N/A | Monitor | Repair Evaluate
Are there large cracks? ] L] m
Are there low area or potholes? | 5 & O] ]
Is there vegetation greater than 2 inch diameter? ] g |;| D _E

Road ow souvth side Was sotrd, Eysluche & minih- for
Comments: cec\d (ke el < e
Exterior Slope Yes | No | N/A | Monitor | Repair | Evaluate
Are there cracks, slides or erosion? O[] O Ll ] L]
Are there rodent burrows or depressions? O[O =5 O ]
Is the grass cover in good condition? K IU[O L] L] L]
Are there areas of seepage?  Juimrt o | B4 | [0 | [ ] C] ]
17

Program Engineering




Duke Energy Fossil Impoundment Dam Inspection Program Procedure

rev.000

Is there vegetation greater than 2 inch diameter? Oi@iol O | 0O | L]
Beavtri have b JF saell daw. ab ¢loe o F daw K 5 Ayt e
Comments: SeePgay” ,;"rﬂ w  draing ne,
NCDENR Recommendations
Observations and Routine Inspections Yes | No | N/A | Monitor | Repair | Evaluate
Seepage noted near rip rap toe. Are there any
changes in quantity? [] ﬁ O L O O
Wetness observed on downstream slope. Are there
any changes in degree and extent of wetness? 0 m O [ . O
Comments: Seege§e Sawt
Retired Ash Basin 1-4
Interior Slope Yes | No | N/A | Monitor | Repair Evaluate
Are there any cracks, slides or erosion? O IX| O N ] ]
Are there any rodent burrows or depressions? D X D D D Q
Is there vegetation or sediment in the riprap? Bl | El ] L] L]
Is there vegetation greater than 2 inch diameter? RN [] ]
] & il , e
Comments: mal VyeeS b Temce
Crest Yes | No | N/A | Monitor | Repair Evaluate
Are there large cracks? | L L] Ll L
Are there low areas or potholes? D :D E] [:] D
Is there vegetation greater than 2 inch diameter? L] m ] L] ]
Comments:
Exterior Slope Yes | No | N/A | Monitor | Repair Evaluate
Are there cracks, slides or erosion g g Q L] Q
Are there rodent burrows or depressions? (1] L] L] o Ll
Is the grass cover in good condition? & L] _D |;| L:] Q
Are there areas of seepage? | [] ] C] |
Is there vegetation greater than 2 inch diameter? EiEs L] L] L]
Lergt Famas enn A NO gmwert baoen  aa Ro G
Comments:
Retired Unit 5 Basin
Interior Slope Yes | No | N/A | Monitor | Repair | Evaluate
Are there any cracks, slides or erosion? ] E_ ] (] ] |
Are there any rodent burrows or depressions? J O _ L] O]
Is there vegetation or sediment in the riprap? ] _% g Q D__ Q
Is there vegetation greater than 2 inch diameter? ] L] L] [ ] L

Comments:

18
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Duke Energy Fossil Impoundment Dam Inspection Program Procedure

rev. 000

Crest Yes | No | N/A | Monitor | Repair | Evaluate

Are there large cracks? L] Ll L]

Are there low areas or potholes? —%f E O [

Is there vegetation greater than 2 inch diameter? OK | O A L] L]

Comments:

Exterior Slope Yes | No | N/A | Monitor | Repair | Evaluate

Are there cracks, slides or erosion L] |D4] [ L] L] L]

Are there rodent burrows or depressions? L] ]| O] [] O ]

Is the grass cover in good condition? MOl O L] Ll Ij

Are there areas of seepage? (1| E ]| O i ] O

Is there vegetation greater than 2 inch diameter? g E Q L] _-Q__ O

Comments: ¢%“Y° ovdy ok le [ Rosmn ber bk dare od heldiy bech
e Y. 'fl-“' boe-

Outlet Structure Yes | No | N/A | Monitor | Repair | Evaluate

Are the valves and operators in good condition? o 1] ] ']

Is the system operable? K [ O] _Q O ] L]

Is the outlet structural material in good condition? K10 0O OJ ] O]

Is the walkway to the outlet in good condition? O O O O ]

Comments:

2" Rainfall Inspection Yes/No | Date(s) | Comments

Has a 2” rain event occurred 'Ja

during the month

SIGNATURE ___ S A0s Iwﬂr"‘”

DATE -3l ’

| hereby certify that | have reviewed the following checklist and have taken the appropriate
action(s) to remediate any areas that may cause harm to the structural integrity of the dam.

REVIEWED BY

DATE
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NCDENR
Narth Carolina Department of Environment and Natural Resources

Division of Land Resources
James 0. Simons, PS, PE Land Quality Section Beverly Eaves Perdue, Govemor
Cirector and State Geologisl Dee Fresman, Secretany

MNOTICE OF INSPECTION

Movember 24, 2010

Druke Energy Corporation

Avention: Mr. B, Henry Taylor, PE, Senior Engineer- EC11J
Fost Office Bax 1006

Charlonte, North Carolina 28201-1006

Ri:  Cliffside Active Ash Basin Downstream Dam
Cleveland County
CLEVE-049-H
Broad River Basin

Bear Me. Taylor,

The "Dam Sajety Law of 1967." as amended, provides for the certification and inspection of dams i
the interest of public health, safety, and welfare, norder to reduee the risk of Lilure of dams; ta
prevent imjuries to persons, damage to property; and to insure the maintenance of stream Nows.

Qur records indicate that you are the owner and/or are responsible Tor the referenced dam, which 15
lpcated off MeCrnw Road 1n Cleveland County and was inspected on November 18, 2010 by Land
Quality Scetion staff of the Mooresville Regional Office. This inspection revealed the cendition
vutlingd below which could lead to setivus problems in the future, including foilure of the dan.
Please note that “right” and “left” in descriptions ol the dam are referenced tacing downstream,

1. Clear, concentrated seepage was observed in (he tip rap toe protection. At the timu of our
inspeetion, the seepape appeared to oripinate from at [east theee locations, and has, according
to Duke Encrey personncl, been measured 1o be approximately 40 gpo. This seepage should
be monitored repularly; any changes in quantily and/or clarity of the secpage tlow should be
reported to this office promptly.

Additionally, the following general maintenance procedures are recommended:
2. Perindically observe areas of wetness on the surface of the dam embankment. Several arcas

with soft soils and/or wetness previously ohserved on the ernbankment slope appearcd to be
drier. All wel areas should be monitored with respeet o the extent of welness, and Care



M. 3, Henry Taylor, PE Cliltside Active Ash Dasin Downstream Dam
Matics ol Inspection CLEVE-{M49
November 24, 200

Page 2 o[ 3

should be taken 1o maintain o vigorous vegetative cover in these arcas and to avaid excessive
rutling or other darmagy trom maintenance equipment,

3 Punodically observe the embankment drain discharge channel. Sediment deposits from the
Broad River should be removed from this channel as necessary o retiin a free-flowing
condition tor the embankment driin seepage discharges.

4, Periodically obscrve surlace trrepularitics, A bulge was proviously observed on the upstream
slope at approximate lat/long 35,2171, -81.7346, and a shallow rill was previously noled on
the downsircam slope at 352174, -81.7478. Both ol these irrepularitics appeared unchanged
at the November 18, 2010 inspection. All surface ivegularities should be noted and observed
for movement or changes in shape or size.

5 Pueriodically apply grass seed and appropriate soil amendments 1o the dam embankment.
f. Periadically inspeet the dam embankment for undesirable animal actividy.

[During this inspection we also investipated the potential for property damage and [oss of Lt inthe
event that the subject dam fails. This investigation determined that failure of'the dam could result in
severe properly damage andfor possible loss of life downstream. We are therelore retaining this dam
in the “lHigh Hazard Potential™ category due ta the hkelihuod ol significant environmental dunmage o
the Broad Kiver, Please be advised that hazord potential classifications are subjecl (o revision due 1o
changes in downstream conditions.

Please also be advised that the Division of Tand Resources must apprave any sxcavalion,
modification, or repair work to this dam before the work conumences. Alse, note thal this dam may
not be breached, mcaning the dam may not be drained by eutting a noteh 1in the dam, without prior
engineered breach plans being submitted to and approved by the Division of Land Resources.

As g dam mwner, vou may incar lahility should your deun have a problem or faill i such ancevent
results in loss of life or property damage downsteeant. [tis therefore requested thal vew continue to
work with our Central Ofhice Staft to develop an Cmerpeney Action Plan (FAT) for this dam.

Although every reasonable cfiort is made to determing the safely of cach dam, vur resources
generally limit us to a surficial inspection of the dam and its appurtenant structures.  This letter
carries no implication regarding the internal stability of the dam. Dams, and especially their
spillways and conduits, deteriorate with age. You are therefore advised to keep a close watch on the
dann and to notily us i yvou detect any changes, especially erucks, ground movements, or Changus in
seepage rate or eolor,

Your cooperation and consideration in maindaining a safe dam is appreciated.  1f an emergeney
situation develops during non-working hours, please notify 911 and the State Emergeney Operations
Centerat 1 (2800 838-0368, who will notily the appropriate personnel it this Oftice. norder to help



Mr. B. Henry Taylor, PE Cliffside Active Ash Basin Downstream Dam

Notice of Inspection CLEVE-049
November 24, 2010
Page 3 of 3

us keep our records current and serve you better, please notify us of any changes in ownership.
Should you have any questions concerning our inspection, please contact Mr. Zahid S. Khan,
Regional Engineer or me at telephone number (704) 663-1699.

Sincerely,

A. Scott Harrell, PE

Acting Regional Engineer

ASH/

cc: Mr. Robert Krebs, Surface Water Protection Regional Supervisor

FILENAME: CLEVE-049H (Cliffside Active Ash Basin Downstream Dam) 20101124 _NOI
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NCDENR

Naorth Carolina Department of Enviranment and Natural Resources
Division of Land Resources
James D. Simons, PG, PE Land Quality Section Beverly Eaves Perdue, Gouernos
Director and Stale Geologist Dee Freeman, Secretary

NOTICE OF INSPECTION

November 24, 20140

Duke Enerey Corporation

Attention: Mr. B, Henry Tavlor, PE. Senior Engincer TCIL
Post Oftice Box 1006

Charlotte, North Caroling 28201-1006

KL Chitside Active Ash Basin Upsircam Dam
Cleveland County
CILEVE-050-H
Broad Eiver Basin

1gar Mr, Taylor:

The "Dam Safety Liw of 1967, as amended, provides for the certilication and inspection of dums in
the interest of public health, safewy, and weliare, in order o reduce the risk of failure of dams; o
prevent injuries 1o persons, damage Lo property; and 1o insure the maintenance ot stream ows,

Orar reeords indicate that yvou are the owner and/or are responsible fur the referenced dam, which s
located ot MeCraw Road in Cleveland County and was inspected on November 18, 2010 by Land
Quality Scction stalt of the Mooresville Regional Office. This inspection revealed the conditions
outlined below which could lead to serious problems in the future, including failure of the dam.
Please note that “right™ and “left” in descriptions of the dam are referenced lacing downstream.,

1. Anarea ol recent repair was obscrved on the upstream slope during our previous inspeclion
ol this dam (February 23, 200 0). According to [acility personncl, this area was damaged by
construction equipment during ash removal from within the basin. The damaged arci, which
Is approximately 30 feet long and extends from the embankment erest to Lhe water level, was
stabilized with seed, muleh, and synthetic matting. but did not appear 1o have heen restored
Lo 1the original embankment cross-scction dimensions. The arca is located ot approximate
lavitudefiongitude 35,2141, -B1.75335.

[t is requested that the dates of the damage and repair to the upstream slope. ulony with the
methads and materials of repair, be docurented in the torm of a letier report and submitted
W the Land Quality Section Mooresville Repional Office. 1t is also requested that Duke
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Energy evaluate whether the reduced embunkment section at this location represenls o
stienificant reduction in embankment stabality.

2. Concentrated seepige was observed in the rip tap e profection al approxirmabe Lit/long
35.2139, -81.7561. This scepage should be monitored regularly; any changes in guantity
and/ar clarity of the seepage flow should be reported 1o this oifice promply.

Additionally, the following general maintenance procedures arc recommeded:

3. IPeriodically observe arcas of wetness on the surface of the dam embankment, An area ol
welness previously observed on the embankment slope appeared to be doer. Aoy such arcas
should be monitored with respeet 1o the extent of wotness, and care should be tuken to
MAintEin & vigorous vegetative cover in Utese areas and to avoid excessive rulling or other
damage from mainienance cguipment.

4, Periodically apply prass sced and appropriate soil amendments to the dum embankment.
5. Periodically inspect the dam embankment tor undesirable animal activity.

During this inspection we also investigated the potential for property damage and loss of lite in the
event that the subject dam Fails. I'his investigation determined that filure ofthe dam could result in
severe preperty damape andfor possible loss ol lie downstecam. We are therefore retaining this dam
i the “High Hazard Potentic]” category due o the likelihood of significant enviconmental damagy to
the Broad River. Plesse be advised that hazard potential ¢lassifications are subject to revision duc to
chanpes in downstream conditions.

Please also be advised that the Division of Land Resources must approve any cxcuvation,
modification, or repait work 16 this dam belore the work commenees, Also, nole that this dam miy
nol be breached, meaning the dam may not be drained by cutting 2 notch in the dam, without prior
cngincered breach plans being submitied to and approved by the [ivision of Lund Resources.

As a dam owner, you may incur hability should your dam have a problem or fail, il such an evenl
results i loss of e or property damage downstream. 1t ts therefore eeguested that you conlinue to
work with our Central Office Stalf te develop an Emergency Action Plan (EAP) for this dam,

Although every reasonable effort is made to determine the safely of each dam, our resources
penerally limit us to a surficial inspection of the dam and iis appurtenant structures, This letter
carttes no implication regarding the internal stability of the dam. Dauns, al especially ther
apillways and conduits, deteriorate with age. You arce therefore advised to kevp a close watch onthe
dam and to notify us iCyou detect any changes, cspeeially cracks, ground movements, or changus o
sEepage rate or color,
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MNotice of Tnspection CLEVE-DS0
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Your cooperation and consideration o nwinlaining a sade dam s appreciated.  [F an ¢mergency
situation develops during non-working hours, please notity Y11 and the State Emergeney Operations
Center at 1 (800) 858-11368, who will notify the appropriate personnel in this Office. lnorder ww help
ug keep our records current and serve vou betier, please notity us of any changes in ownership.
Should you have any guestions concerning owr inspection, please contact Mr, Zahid 5. Khan,
Eegional Enginecr or me al tetephone number (704) 663- 1699,

Sincerely,

Sotfth.0f
A. Scott Harrell, PE
Acting Regional Engineer

ASHY

ce: Mr, Robert Krebs, Surface Water Protection Regional Supervisor

FILESAME: CLENESISULE TC T de Aclive Ash Basin Lipstren Dy 26107124 X000
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July 10, 1986

Mr. 5. B, Hager, Chief Eagineer
Duke Power Company
Civil/Ensvironmental Division

P, 0, Bgx 13189

Charlotce, Horth Cerolina 28242

Attention: Mr. R. 5. Bhatoager, Senior Epgineer

Subject: Five-Year Independent Congultant Imspection
Cliffside 3team Station
Ash Eagin Dikes ,
Cleveland and Butherford Ceounties, Nerth Carclina
Per Horth Carcliona Utilities Commission
LETCo. Job Ho. CEW 5475

GCentlemen:

Law Engineering Testing Company is pleased to submit the following report of
our independent inspection of the ash basio dikes at the Cliffeide 3team
Starion. The inspection was performed in accordance with Duke Power Company”s
Specification No. $55-0502-02 “Specifications for Inspection of Facilities as
Required by the North Carolina VUrilities Commission" dated Fehruary 14, 1986 ecd
as authorized hy Duke’s letter dated March 20, 1985, DOur inspection reported
herein is the second five-year independent coneultant inspecticon of the
Cliffside Ash EBasin Dikea,

Iz general, our iospecticn noted oo external, presentiy visible signs of
gerioue conditions requiring emergency repairs Eor public safety. Other than

routine maintenance, no major repaire appeAr warranted at this time.

We appreciate the opportumity to provide our professional services to you on
thia praject. Please let us know if you have any questions.

Very truly yours,

LAWY ENGINEERING TESTING COMPANY

Fyed C. Tucker, P. E.

enior Gectechnical Eggineer

& dma

Clay Sams, P. E,
Geot nical Copsultant

FCT/CES :twe
Attachmenta
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1.0 INTRODUCTION
1.1 General

I'his report presents the results of the second ivpdependent consultanc
inepection of the ash basin dikes st the Cliffside Steam Statica. The
independent inppection iz performed st five-year intervals as required by the
North Carclina Utilities Comwisaiopn (RCUC) for Fecilities operated by Duke Power
Company in North Carclina and not licended by the Federal Epnergy Regulatory

Coumipeion (FERC) and oot covered by the Werth Carolins Dam Safety Law of L1967,

The previous independent inspection was performed in 1981 also by Law
Engineering Testing Company. The results of that imspectionm were presented in a

report dated October 12, 1981 {LETCo. Job No. CH 4581).

Ia this current report, emphaeis is placed on woting the development of any
pew cooditions or changes iom old, previously reported conditicoma. The
previougly reporited conditions are recounted only where there is a change or
where it is of particular interest-ur of use in desacribing the overall copdition
of a specific project structure. Liberal use is made of photographs to minimize
des:riptiona; The photographs are used to illustrate general conditions of

project structures in overall views and specific conditiocms in close-up views.

1.1 Purpeose snd Scope

The purpose of this dike safety inspection and tepert is to identify, within

the limitations of surficial field iuspection apd office review of svailsble

1-1
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data, records and operating history, any actuval or potential deficiencies,
whethey in che condicion of the project works or ion the guality or adequacy of
project maivtenance, svrveillance, or methods of operation, that might endanget
public safety. The cbjective is to recommend immediate actiom fer public
pQOtectioﬁ vhere necessary, Curther etuvdies and znalyses where required, and
acceptance of the present condition of the dikes if the engineering dats and
icepections sc justify.

A review was made of all aveilable relevant rteperts om the;safety of che ash
baain dikes. Thepse include reports by or for Federal or State agencies,
submitted under WCUC regulatioms, and reports of inspections perforwed by Duke
engineers. A detailed systematic visual ipepection of the project works waa
performed. A relatively detailed photographic record was made of the visible
conditiens of the principal project works. Review was made of all available
relevent daca concerning the stability and operationzl adequacy of the preject
workd. DBased upon results ¢f the above work, su engineering opinion is given of
the general condition and adequacy of the dikes, as well as an =zspesswent of the
quality and adeguacy of maintenance, aurveillsnce, and metheods of project

operation for the protection of public safety,

The purpose and scope of this ipepection and report gre consistent with that
outlined in LGuke Pover Company’s Specification No. $58-0302-02, "Specifications
for Inaspection of Facilities aes Required by the FNorth Carolina Utilities

Commiseion™ dated February 14, 1985.

1-2
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1.3 Anthorizariom

Thig NCUC Five-Year Independent Consuleant Inspection wap authorized by
Mepsts. 8. B, fAsger, Chief Engineer, and R. $. Bhatnagar, Senier Eogineer, of

Duke’ s Civil/Enviroomental Diviaion, in their letter dated March 20, 1586.

1-3
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2,0 PROJECT IRFORMATION

2.1 Location, Genersl Description and Relevant Historical Information

The Cliffeide Steam Station is located on the Brosd River approximately 55
milesa west of Charlotte and about 1.5 miles south of the small town of
Cliffside, Worth Carclina. The power plant is situated primarily oo the south
gide of the Brosd River and straddles the Cleveland{Rutherford County line. The
Uzits 1=4 ash basin and the Suck Creek ash basic lie southeast af the Units l-4
powerhouvge in Cleveland County; the Unit 5 ash basin lies southwest of the Unit
5 powerhoupe in Rutherford County. The project locaticn is shown oo Figures 1
and 2 of our 198l report; these figures are included for reference in Appendix A

¢f this curremt report.

The fgcilities of concera io this inspection are the earthfill dikes which
impound the &eh bgeins, and the cutlets for the basins., The Suck Creek ash
basin ia the only basipn that ies currently beiog used for dispesel of ash. The
Units l~4 ash basin and the Unit 5 ash basin have both been retired, except that
part of the Units 1-4 basin area ia being wsed a8 & holding pond for yard
drainage from all the units., There alec is a gmall dredge spoil pord within the
Duits 1-4 basin. A dredge that periodically removes sediment from the plant
intake structure oo the river pumps the spoil material imto the dredge spoil
pead. The dredge apeil pond and the yard drainage pond are interconnected with

—

a culvert. Water that accumulates in the yard dreinage pond is pumped to the

Suck Creek ash basin.

2-1
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The Unite 1-& ash basin dike is an L-shaped earthfill ombeankment with an
overall lenmgth of ebour 1480 §ft aloog the crast. The dike was designed e have
& 15-ft wide crest at elevation 706 fr-MSL. Maximum height of the dike is ebout
38 ft above the outside (downstream} toe. Desigon drawings called for a Z.5H:lV
inside (upstream} slope and & 2B:1V outside slope to elevation 682 fr, then

2.5H:1%V alape below 682 £t to the tee of the alope.

The outlet for the Units l~4 ash basin ia a reinforced conocrete drainage
tower with bottom discherge into a I-inch dismeter corrugated metal pipe (CMP)
which extends approaimately L20 ft (horizentally] through the bsse of the

embankment at a skewed section located pear the east end of the dike.

The Unit 5 agh basin dikes are earthfill embankments, including a wain dike,
a paddle dike and ao access toad dike. The main dike and saddle dike are the
principal embankments which formed the ash basin. The dikes were designed ta
have a 20-ft wide crest at elevation 767 Et-MSL, The main dike is sbout 1460 ft
long at the crest amd has a maximum height of about 97 ft nhove the toe of the
outside {downstresm} slope; the saddle dike is approximately 590 ft lomg at the
crest and has a maximum height of about 42 ft above the toe of the outside slope
(57 £t sbove the inside slope toel), Design drawings called for 2.5H:1¥ inside

slopes, a 2,8H:0¥V outside slope at the wain dike and a 2,7H: 1Y ouwtaide slope at

the saddle dike.
£
The outlet for the Unit 5 ash basin is a reinforced concrete drainage tower
with bottom discharge into & 60-inch diameter reinforced concrete pipe (RCP)
which extends approximately 500 fc¢ (horizontally} through the left abutment of

the main dike,
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The Suck Creek ash basin wes formed by comstruction of two earthfill dikes
across Suck Creek, bracketing a 5500-fr long meandering reach of the natural
stream valley for ash storage. At the upatream dike, the cresek was diverted

through a canal to the Breoad River.

The downstream dike, loacated just upstream of the original confluence of
Suck Creek with the Broad River, is 876 ft long. The uvpstream dike is B9 fr
iong. Both dikes were designed to have [5-ft wide crests at elevation 775 fr-
MSL. Maximum height of the dowvostream dike ia about 120 ft abowe the toe of the
cuteide slope; that of the upstream dike is about 60 ft above the ocutside slope

toe and 63 £t ebove the i1oside slope toe.

The downstream dike was deaigned teo have a final ineide slope of 2.5H:1¥
from the crest down to a 13-ft wide berm at elevation 737 f£t-MS5L, 2H:1¥ alope
below this berm to & lower, 50-ft wide berm at 675 ft-MSL; then 2H:1V slope down
to prepared foundaticn grade, The finel cuteide slope was designed to be
2.5H:1¥ with 2 berms: one 15-ft wide at elevaticn 725 {t-MSL and gnother 20 ft
wide at 580 ft-M5L., The 2,.5H:l¥ slope below the lower berm has a coever of
riptap desipoed to be 2.5 ft thick and bedded en a 1-fr thiek erumhed stone
layer. Beyood the toe of the cutside slope there is & channel leading to the

river. The banks of this channel are protected with weathered tiprap.

The uvpstream dike was designed to have a 2.5H:1V inside slope and 2.5H:1V
putgide glppe down Eo a berm ar elevation 730 Ft-MSL; then 2R:1V alope below the
berm. The ocutside slope (and berm) below elevation 735 ft were designed to have

a weathered riprap cover.

-3

LA EMGINEERING TESTING COMPRMNY




The outlet for the Suck Creek ash basin ie a reinforced concrete drainage
tower with bottom discharge inro a &2-inch diameter RCPF which extends
appreoximately 700 ft (horizenotally) beneath the downstream dike at its left

{weat) abutment.

Additional deserviptions of the physical characteristics and design featuree
of the Cliffmide Staticn ash basin dikes are presented on p. 3 (Units 1-& ash
basion dike), pp. 10-11 (Unit 5 ash hasin dikes) and pp. 16 sud 17 {(Suck Creek
ash bazein dikes) in the 198! report. Plan and section views of the dikes are
showm on Figures J through B of the 198l report; these figures are included for

reference in Appendix & of this current report.

A relatively detailed accourt of historical information on the design,
canstTuckion, operation, instrumentation menitoring and previous inspections of
the ash storage facilities wp to the time of the first independent consultant
inapectien is presented on pp. 46, pp. 11-13 and pp. 17-20 of the 1981 report.
Since that time no significaot changes or additiens affecting safety of the ash

basin dikes have bepep made.

2.2 BSjize Classification

The zab baein dikes at che Cliffaide Steam Stetion have size classificaticns

af listed ip the following table.

Size Clamsnificaticn

Maximum By Corpa of By N.C.
Structure Height (Ft Engineers Criteria State Criteria
Units 1-4 Dike 38 fmall Medium
Unic 5 Dikes o7 Internediate Large
Suelk Creek Dikes 120 Large Very Large
-4
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The marimum heights listed above dictate the size classifications.

2.3 Bazard Clesmification

All the Cliffside ssh basin dikes are classified "low" hazard (Claas 3)
under the Corps” guidelines sad "low" hazard {Class A) by the North Carolina
criteria, due to the lack of downstream development.

Aa previouely noted, the Toits 1-% ash basin and the Uni; 5 ash basin have
been retired and no longer impound apy significant volume of water; they no
lenger serve as impoundments and thus the assipgned size amd hazard

¢lassifications no longer have any relevance with respect to flood hazard.

2,4 Geology and Seismicity

The Cliffeide ash storage basine are located in the Ipner Piedmont geclogic
belt, which i5 the westeromost of & series of portheast—trending metamorphie
belte that cemprise the Piedmont Physiographic Province of the southeastern
Upnited States (Kiag, 1%55). The predomipant rocks in the Inner Fiedmont are
goeisses and schiats. However, they are interspersed with granitpids and a few
scattered bodies of mafic and ultremafic rocks. The pesk of regiomal
metamerphism is considered to have ended in this area in Silurian ot Devonian
time, gowme 400 to 375 millien vears age (Butler, 1972)., The geveral rock
structure in this belt is characterized by irregular foliationw of low dip and

some broad folds transverse to the northeast regional geologie tread (King,

19553 .
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The local geology at the Cliffside ash storage basins consiatas of biotite
greins eud schist with subordinate layers of varicus metasedimentary rocks
{Goldsmith, et 2l., 1582). 5mal)l masses of granitic rock are common in this
part of the Ioner Piedmont; the Unit 5 amsh basin maght de just south of such a

granitic umit.

Because earthquake epicenters caunnobt be correlated with teetonic stroctures,
the preseot practice is that earthquakes in this part of the United States ave
identified with the tectonic province in which they are located. The Cliffgide
geh storage basins are located in the southern Piedwmont previunce (or
geismotectonic region) ia which the highest seismicity 1s Iptensity VII MM. The
dikes are also loveted in Seismic Zone 2; the Corps of Engineers” guidelines
indicate that, “io genersl, projects located in Seiswmic Zones 0, 1 and 2 wmay be
agsumed to present no hazard from earthquake provided statie srability

conditions are matisfactory aod conventionel safety marping exiet™,

Butler, J. R. Age of Paleczoic regional meteswonrphiem in the Carolinas,
1372 Georgia and Tennessee scuthern Appalachisns: Amer.
Jour., Sei., v. 272, pp. 319-333,

Coldamith, R,., Simplified preliminary geclogic map of the Chariotte

Milten, D. 2. 1% Euquadrangle. Horth Carclina and South Carolioa:
and U.5. Geol. Survey Open File Report 82-56.

Horton, J, W., Jr.
1342

Kiog, P. D. Au outline of the geclogy in the segment in Tennessee,
1955 NHorth Carelina and Soucth Caroliwa: io Geol. Soc. Amer.,

Guides to Southeastern Geology, pp. 332-373,
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3.0 ENGIKEERING AND DFERATIONAL INFORMATION

3.1 Enpineering Information

A description of the available information on design of the Cliffaide ash
basin dikes up to the time of the last independent ingpection is contaiced on p.

4, pp. 11-12 acd pp. 17-18% of the 1981 inspectiom report.

In 1%83 Duke Fower engipeers made a study of the as-bujlr stability of the
slopes of the uvpatream and dowmstream dikes of the Suck Creek ash basin based on
results of shear streogth testing of the in-place embankment seils. The data
for the slope stability analyses were obtuined by Duke by driliing six soil teat
borings, cbtaining relatively undisturbed (Shelby) tube samples in the boriags
snd performing laboratory triaxial shear testa. Pierometers were installed in
all the beriogs. Recently (June, 1986) Duke re-snalyzed stability of the inside
slope of the Suck Creek dowonsatream dike under rapid drawdown condictions. WMo
pther engineering analyses have been perforwmed since the 198] independent

inspection,

31.1 Slope Stability:

Por the dike of Units 1-4 basin, static slope stability acalyses performed
by Law-Barrow-Agee (Law Fagineering) in 1956 indicated safety factors of about
2,5 and 2.0 for 2.5M:1V and 2H:1V slopes, respectively, under full pond
¢onditicns. Both cirecular arce and sliding block analyses were performed by
hand. Soil design shear strength parameters were derived from triaxial ghesr

tests on rewmclded samples of potential borrow scils and ou undisturbed (Sheiby
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tube) ssmples of the Eoundation seoils. The remclded samples were "scaked" prior
to shear testing. The triaxial shear tests consisted of encasing each test
ségple in a rubber membrane, placing the samples in & closed chamber (tridxial
cell), aubjecting the samples to differeat confinipg pressures aod then axially
leading the samples until failure occurred. The soil design parameters used in

the scability analyses were as follows:

Shear Sctreogth

Material boir Wr. Parsmeters (Total)
Foundatieon Soil 116 pcf $=189, ¢=1500 pef
Embapkment Scil 119 pcf 4=12°9, ¢=1200 paf

The result® of slope stability analyses performed by Bechtel Corporation iu
1969 indicated & safety factor of 1,53 for the 2.8H:1V ourside slope of the main
dike of the Unit 5 ssh basin under steady ntate seepape conditions. The
andlyses were performed by computer. Analyses of the inside slope of this dike
are agt evident and would not now be relevant since the inside slope is almost

encirely buried with ash. The eoil design perameters used in the znalyses were

as fol lows:
Shear Strength
Material oit Wt. Paremerers (Effecrive
Foundation Seil * 4"=240, c”"=]lBD pef
Embankment Soil * 47=33.7°, =0

*Dnit weights used in the analyses are mot appareant from the available
records but probably were on the order of 110 pef for the foupdation soil
and 125 pef for the embankment soil based on available iaboratory test
results.

As previously mentioned, in 1983 Duke analyzed static stabiliry of the as-

built dikes which impound the Suck Creek agh basin, and recently Duke re-

anslyzed the downstream dike’s inaside slope for rapid drawdown conditions. The
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analyseg were performed by a computer program (LANSLI) which uses & methad of
analyees saimilar to the Ordinary Method of S1ices. The results for the mare

critical, downstream dike were am fol lows:

Calculated
Condirion Slope Factor of Safety {(F5)
Steady State Seepage Outside {Dowmetream) >1.5
{Pond El. 772 ft-MSL) Inside (VUpstresm) 1.5%
Rapid- Drawdown Inside {Upstrenm) 1.76

{(El. 77% to 755 fr-MSL) B

*Factors of safety io the ranoge of 1.35 to 1.40 were calculated for shallow (4
to 10 ft deep) potential failure arce on the 2H:1V portion of the ipside 6lape.

The 1983 snalyses used soil desipn paremerers 28 followe:

scyll} scue (2’
Material Unit WE. Faramg[ ers Farametetrs
Foundation Se¢il 105 pef $=2252, c=0 d7=250, 7<)
Embanlment Soil 131 pct 4=289, c=BOD paf $7=340, c =0
Internal Drain 120 pef =309, o= $7=309, =0

{1} SCO = Saturated Comsolidated Undrained Triaxial Test (R)

{2} 5CUe = Saturated Conmsolidated Undraimed Triaxial Teat Cerrected
for Pore Pressure (R)

The existing stebility analyses, as sunmavized above, indicate computbed
factors of safety which generzlly meet or exceed the convent:icnal minimum safety
factor criteria of 1.5 for asteady state seepage conditione and 1,25 for rapid
drawdown conditions (where applicable), The lower-than-minimum safety factors
computed fer the inside slope of the Suck Creek downstreawm dike under steady
stete conditions are for shallow potential failure ares which would mot threaten

immediate fejilure of the dike, in cur ecpinicn.
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It is ooted that the s0il mechanics testing and stability analyses done for
the Units I-4 basiv dike were done 30 vears ago when triaxial testing procedures
and aoalytical methods of glope stability analyses were still in their formative
stagea. The state-of-the-art haa advanced ouch since then. The shear strength
parameters waed in the 193 stabilzity onalyses would pot, o curremk practice,
be reasonable values to use :n analyses of slope stability uader steady state
seepage coenditiona. (Except for the "scaking” of the embankment scil samples
prior to-shearing, the conditions of testing the trimxial samples in the
lsborateory more closely sBimulated end of conattuetiom cu;aitiansJ- However,
since the Units 1-4 baein ips retired snd does not impound A significant volume
of water and gince the dike has shown satisfactory performance, it ie our
cpinien that & re-evaluation of the soil shear strength parameters spod re-

analysig of stability of the Unitz 1-4 basin dike vaing current methods are not

warranted.

J.1.2 Hydrulogy and Hydraulics:

Approximate analysea of hydrelogy and hydraulics of the ash storage basins
at the Cliffaide Steam Statiovn are presented oa p. 7 (Unite 1-4 ash basin}, pp.
13-14 (Unit 5 ash basin) aand pp. 21-22 {Suck Creek gsh baein) of the 1981
independent ivnspection report, In those analyses it was found that the retired
Units 1-4 ash basin and the retired Unit 5 ash basin should be capable of safely
paasing or storing runoff from the 100-year, 24-hour duration storm {7.) inches
rainfall depth); it was also found that the Suck Creek ash baein sheuld be

capable of passing flood runoff Erom the 1/2 PHP {(probable maximum

i-4

LA ENGNEERING TESTIMNG OOMPANT




precipitation) storm {18.25 inches rainfall depth in 24 hgours), theugh the
msergin of freeboard may be emall when the basin approaches full capacity with

aettled ash.

The indicated spillway design floods {SDE) for the Cliffside ash basins are

as follows (assuming all are impoundments):

Spillway Design Flood (SDF)

Facility By Corps of Epgipeers Criteria By N.C., State Criteria
Usits 1-4 Basin 50-100 yesrs 100 years
Unit 5 Basin 1G0 years — 1/2 PHMF* L1/3 PHP#*
Suck Creek Basin 1f2 - 1 PHF® 1/2 PHP#>

*Prabable Maxiomum Flood
T*Probable Maximum Precipitaticonm

The degree of hydrologic safety shown by the existing analyses for the Uoits 1-4
ash basin and the Unit 5 ash basin (i.e., both safe for 100-year storm) is
adequgte, in our opinion, for these retired basios which no longer serve as
impoundments. The capability of the Suck Creek ash basin to pass a flood
produeced by 1/2 FHP is adequate according to the SDF-¢riteria given io the above

table.

No changes or modifications hLave beec made at the basima which would
significantly change the assumpticne of the existing hydrologicfhydraulie
gnalyses; thus, no further study of hydrology or hydraulice appenrs warranted at
this time, PFertiment hydrolegic data and rtesulcs of the existing analyees are

summarized below for reference:
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Units_l-4 Ash Basin {Retired)

100-yr, 24-hr Duration Raianfall Depth: 7.3 Inchen
Drainage Area: 65+ Acres

Top of Spillway Elevation (Stop-log Height): 692 ft-MSL

Top of Dike Elevatiom: 706 fr-MSL
General Level of Ash in Basin: 697 fr-MSL

Yatd Drainage Holding Pond Water Level: 693 £t-HSL (Max.)
Surcharge Storage Between 693 apd 697 fr-MSL: Ignored

Surcharge Storage Between 697 and 706 ft-MSL: 117 Acre-fr

100X Rupoff Volume (7.3 inches): 39,5 Acra-ft
Freebosard: 6 frw

*Assumes no cutflow end linear variationm in surcharge storage from 0 acre-ft
at elevation 697 fr-M5L to 117 acre-ft at e=levation 706 fr-HMSL.

Unit_ 5 Ash Basin {(Retired)

100-yr, 24=hr Duration Rainfall Depth: 7.3 Inches
Drainape Area: 200+ Acres
Top of Spillway Elevation (Max. Stop-log Height): 762 fr-MSL
Top of IMke Elevaticn: 767 ft-M3L
General Level of Ash in Basin: 763 to To4 fr-MSL
Surcharge Storage Beitween 763 and 764 Fr-MSL: 28 Acre-ft
Surcharge Storage Between 764 and 767 ft-MSL: 110 Acre—ft
Total Burcharge Storage (763 to 767 [t-MSL): 138 Acre-ft
Curve No. {CN}: 71 -
Bunoff Volume (& inches): b7 Acre-ft
Freeboard: I fpr

*vaspumes vo outflow and linear variatiom in surcharge storage from O scre-ft
at 763 ft-MEL te about 28 acre-ft st elevation 764 fr-MSL, then 138 acre-ft

at elevation 767 fr-WSL.

Suck Creek Ash Basin

1/2 PMP, 24~hr Duration Raipfall Depth:

1B.25 Ipches

Drainage Ares: 258+ Acres
Top of Spillway Elevation (Max. Stop-log Height}: 770 £r-MSL
Top of Dike Elevacion: 775 £fr-Ms5L
Genersl Level of Ash in Basin (ar Ketirement): 172 fr-MsL
Surcharge Storage Between 772 and 775 [t-MiL: 281 Acre-ft
Time of Copcentration: 0.3 Hr.
Curve Number {(CH): _ 50

Feak Inflow (1f2 FMF = 1B8.25 ipches): 422 cfa
fRunoff VYolume (15.7 inches): 337.5 Acre-ft
Feak Cutflow: 237 cfs

Peak Pond Elevation: 773.3 fc-MsSL
Freeboard: 1.7 fritx

tt4Baged on routing of a hydrograph produced by 24-hr dursetion storm. Reuting
of a hydrograph produced by &-hr duration storm yields 1.3 fr of freeboard.
Comditions pear retirement of the basin were assumed in the smalysis.
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3.2 Operaticons Related to Project Safety

Operation of the Cliffside ash basing is described on pp. 6, 13 and 21 of
the 198l independent imspection report. Ne major additions or modificatiocns to
the ash storage facilities are anticipated by Duke at this time. Safety related

cperations are outlined below.

Safety related ogperaticans at the subject facilities involwe routine
iospections and maintenance a@ required. Tnspectiowvs are carried cut by Duke

personnel and by ocutside cenmpultants.

Plant personnel perform routine inspectionsa of the subject facilities. Duke
Power design engivneers make snoual ipspectionsg and prepare writtep reports
documenting their nhﬂgrvntinun. At five-year intervals, independent inspections
by ocutside ca?aultanta are performed per RCUC regulations; these inspectiobs are

als¢ documented by writtem reports.
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4.0 FIELD INSPECTIOR CESERVATIONE

The field inspection was done on April 23, 1986 by Mr, Fred C. Tucker, P. E.
of Lav Engineering in cnﬁpany with Mr, Tooy Mathis from Duke’s Design
Engineering Department, Mr. Larry Rarper with Foseil Operations apd Mr, Dave
Olaey from the plant., Weather conditions during inspection were clear and cool
to mild. Water level iv the Suck Creek ash basin at the time of imspection
appeared to be pear the latest available recorded level (Mareh 3, I1986) of 752.1
ft-M5L which 18 17.9% ft below the maximum stop—log elevation. The oaly water
contained in the old Toits 1-4 aeh basio is yard drainage aod water Ercm
dredging operations; the water level was cobserved to be below the elevation (697
ft~-MSL) of the astop Iogs at the ¢ld drainage tower. The retired Unit 5 ash
besin containe no water except for a smell pond located at the upper (south) end
cf the basin. Conditions cbserved are presented below. FPhotographs referenced

belov are cvontained io Appendix EB.

4.1 Units 1-& Betired Ash Basin Dike and Outlet Works

The Units 1l-4 rétired ash basin dike is overgrowm with trees and other
vegetation as described in the last independent inspection. The crest, shown in
Phote 4-1, was observed to be easentially ss it was in 193l; trees cverhang the
crest and there are ruts at some lpcations 1o the sorface of the crest. Ho

obvious tension ¢racks or major depressicns were cbserved in the cresc.

The inside (upstreswm} slope of the dike is almost completely buried with
ash; only the upper part of the &lope above ash level is visible. The upstream

slope next to the dredge spoil area wae observed to be covered with sand as

f}
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shown in Photo 4-2, Other portions of the upetream slope were observed to be
covered with wveeds, briars snd a few gmall trees. No signs of slumping or shear
failure were observed on thia slope. Water levels in the yard draimage holding
pond and dredge spoil area were relastively low at the time of inapection as

shown iz Phote 4-3.

A typical view of the wooded outside (downetream) slope of the Units 1-4 ash
basie dike-is shown in Photo 44, and the cleared inapection trail located aleng
the toe of this slope ie shown in Fhoto &~-5. HNo seepage Out;;ﬂpﬁ WEre Seen o1
the slope above the toe, and no obvious sigms of alope failure or active ernuinﬁ

were geen on the slope, though inspection was gomewvhat hampered by the

vegetation.

Conditions along the bank of the river beyond the toe of the dike appeared
much as they did io 19%8l. Seepage still occurs at a number of locaticns aleng
the base of the bank pnext to the river. HNo scil particles appeared to be
carried by the seepage. The yellow colored seepage, shown in Photo 4-6,
appeated as it dad an 1981. Several are¢ss of past scour of the river bank were

observed; one of these i3 shown in Photo 4-7.

The visible part of the draigage tower is shown in Photo 4-8, and the outlet
end of the 30-inch diameter CHMP outlet is shown in Photo 4=9. These structures
still appeared to be in Ffair condition., The steel frame em top of the drainage
tower is rusty. A small trickle of water was observed to still flow from the
end of the outlet pipe. No dropoute or sinkholes were obaerved along the pipe

alignment.
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4.2 Unit 5 Retired Ash Basior Dikes and Qutlet Worke

The crest of the Unit 5 retired ash basin dike waz chserved to bhe in good
condition with no tension cracks or major depressions. The uppermost several
feet of the inaide {(upstream} slope above asmh level was cbeerved to be covered
with the previous year”s growth of broom sedge and weeds; no problems were seen
on this alope.

An overall view of the outeide {dowmatreasm) slope of thé-Uuit 5 ash basin
main dike is shown in Photo 4~10. This slope was observed to be covered with
the previous year"s growth of graas, weeds, end broom sedge snd a mew growth of
briers io many areas. No slumps, slides or significant erosion were seen on
this slope. Wo seepage or wet areas were observed on the slope above the toe.
The sareas of clear ssepage and the swvampy ared noted at the downstream toe aof
the main dike in the 1981 inspection were obeerved to be essentially unchanged.
The ewampy srea located next to the riprapped tee below the right (east)
abutment is shown in Photo 4-11. Bushes and smsll trees continue to grow in the

Tiprep.

Water waa chkserved to still pomd in the drainage ditch located beyond the
toe of the aaddle dike. The apurce of water is believed te be seepage from
natural ground below the downstream right sbutwment of the saddle dike. There
appeared to be oo tramsport of spil particles with the gradual seepage. The
devnstrean elope of the saddle dike was observed to be grassed and free of
gecpage or wet areaa., MNo alumps, slidesx or cther evidence of shear failure were
observed on thias slope. One eroded hole, showm in Phote 4-12, approximately 18
inches deep was noted on the right central portion of the saddle dike dowmstream
alope.,
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The visibkle part of the Unit 5 retired ash basin drainage tower is shown in
Photo 4-13; the structure was obaerved to be in good condition. The ocutlet end
of the 60-inch diameter RCP gutlet is shown in Phete 4-14. There appeared to be
acme spalling along the invert ;f the pipe, but otherwise the pipe waa in good

viaual conditiom.

4.3 Suck Creek Agh Basin Dike and Outlet Works

4.3.) Deownstream Dike:

The crest of the downstream dike of the Buck Cresek ash basin was observed to
be in good comdirion with no visible tension cracks, major depressioms, sags or
cther sipgne of shear failure or excessive settlement; a wview of the crest is

shown in Photo 4-15,

The inside slope of the downstream dike was observed to be in good condition
with a well maintained grass cover as shown in Photo 4-16. There were ng signs
of vhear failure or major ercsiom on thia slope. The riprspped-lined intercept

ditches at the abutment contacts were in gond visual condition.

The curside slope ©f the downstrean dike was observed to bhe in generally
good condition., A wview of this slope above the upper berm is shown in Photo 4
17. A few minor eroded areas which apparently occurred before the grassing
becane well established were observed; cne of thewse is shown in Photo 4-18. The
grassing was observed to be relatively sparse in some areas, particularly ou the
slope just zbove the upper berm which is shown in Photo 4-19. The berm had

recently been greded at the right (east) end to improve drainage of surface
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rmaff frem it snd therefore bad oo gress cover at the time of imspection. A
small slump, shown in Phote 4-20, wae cbserved ic the embankment sleope just
below the upper berm nesr the left abutment. A similar slump nearby in the left
abutment had been repaired previously; the riprap covering the repaired slump
area is shown im Photo 4-21. Ho secepage or welt areas were observed on the
outaide slope, and no signs of major slope failure or significant erosion were
seen on thig slepe. Large pieces of weathered roek were observed to have fallen
from the rock ledge located at the left abutment contact with the lower part of
the outer slope. Some cof this vock has fallen into snd partially blocked the
riprap-lined ditch located at the left abutment contact. The riprap-lined
ditches alcog both abutment contscta were observed to be in generally good

condition except for sowe weed growth ian the ditches.

The tiprap—lined c¢haonel leading from the toe of the downstream dike top the
river is shown 1n Ph;tu 4-22, and the tce of the dike is shown in Photo 4-23.
No water waa obeerved flowing from the toe of the dike into the channel, as was
cbserved in the 1981 inspectiom, though the channel bottom next to the toe was
damp and overgrown with cattails and other vegetation., Farther down the
chapoel, near its epd close to the river, & flow of clear seepage was chaerved
emerging from under the riprap at the base of the left bank of the channel, as

shown in Photo 4-254,
4.3.2 Upstream Dike:

Views of the crest, inside slope and cutside slepe of the upstream dike of
the Suck Creek gsh basin gre shown in Photos 4-25, 426 and 4-27, respectively.

Overall, this dike was obgserved te be in pood condition., The graseing om the
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slopes was obomerved to be sparse in some locations as shown in the photes, but
no eignificant erosion was noted. Neo tension cracks or major depressions were
seen On the ¢rest snd no major depressions were meen on the crest and no slumps,
slides or other signs of shear failure were seen on the alopee. The riprap-
lined gbutment comtact ditches were cobserved to be in good condition aud
unobstructed. The riprap at the tee of the outside slope of the dike was
chserved to be coevered with weeds. The relatively flat area beyond the toe was
observed to be swampy as ehown io Photo 4-28, but there was no evidence of boils

or fast flowing seeps carrying scil particles.

£.3.2 Optlet Works

The visible part of the drainage tower is shown in Photo 4-2%9, and the
cutlet end of the 4Z-inch diameter reinforced concrete bottom discharge pipe in
shown i Photo 4-30., These structures were sbserved to be in good conditiom.
Diacharge from the pipe was clear, and no dropouts or sinkholes were observed in
the soils over the buried outlet pipe, MNo seepage wss chbeerved arcund the

cutside of cthe pipe at the outlet end,
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3.0 PREVIQOUS INSPECTLURS AND PERTIWENT REFORTS

As previocusly mentioned, Duke Pover design engineers make annual inspections
which are documented. The annual inepection reparts for the past & years (1982,
1683, 1984 and 1985) were reviewed. MNove of these reports indicated any eerious
conditiona which would immedistely jeopardize the safety of the Cliffaide ash

basin dikes.
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5.0 HONITORING IHFORMATION

In August, 1983 six piezometers (Pl through P6) were ivstalled in the
downstream dike of the Suck Creek ash basin: three (Pl through P3) were
installed along the gutside edge of the crest at elevation 775 £t-MSL and three
(P4 through P6) were installed .along the outside edge of the upper berm at
elevarion 725 ft-M5L. The piezometers om the creet were ipstalled to depths of
ahout 50 Et, and those on the upper berm wevre installed to depths ranging from
8.4 fr te Al.4 fr: each was aealed 7 ft above the bottom 0} the 1/2 inch P¥C
piezimeter tube which was alotbted in the bottom 5 feet. Water level readings in
the piezomaters have been taken generally on a monchly basis since April, 1984,

The water level in the Suck Creek ash basin hae alao bteen recorded om 2 momthly

basis elong with the piezometer readings.

Ho gettlement monuments or other ipstrumentation begides the piezometars ere
monitored at the Cliffside ash basin dikes. BRowever, there ate plams to install
two additiopal piezometers (P7 and PB} in the outside slope of the Suck Creek
downstream dike: one is to be located oo the slope at elevation 743 ft-MSL,
between the creat and upper berm, scd the other is te be locared ar elevation

JO0O fe-MSL, between the upper and lower berms.

Approximate locations of the piezometers are shown om Figure 9 inm Appendix
A. Furnished time versus reading plots of the monitoring dats are included in
Appendix C; the monitoriopg record shown by theae pleots extends to March, 1985,
The individual readinge of the piczometers and of the water leveles in the Suck

Creek ash basin are alse included in Appendix € for reference, Cowmparison of
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the recorded piezometer levels with the design phreatic line are ahowm on the

cronas aection in Figure 9 in Appendix A.

The monitering record indicates that the water level io the Suck Creek ash
basin fluctuated very little during the peried of available record (April, 1984
through March, 1986); the recorded water level varied frem 752 ft-MSL te 752.6

ft-MSL or 18 to 17.4 fr below the maximum stop-leg elevation of 770 fi-MSL,

Large fluctuations in water level readings were recorded in the piezometers
on the crest (Pl through P3). The differences between highest and lowest
readings duriog the period of available record were approximately 12.4 ft, 10 Er
sud 14.2 ft at piezpmeters Pl, P2 and P3, respectively, There is nc apparent
pattern to the fluctnatioans and ne reascn Eor them, except that there may have
been errors in taking or recording the measurements. After Junme, 1985, fewer
large fluctuations in water level in theee piezometere were recorded. WNWo lonp
tern upward trend inm the water levels in the crest piezometers is iodicated by
the moaitoring date. In fact, the weter levels recarded after Junme, 1985
typically were well below the imitial readings and were below the elevations of
the seals in the piezometera. These piezometers have generally functioned like
obaervarion wells, except when the higher water levels were recerded. The
highest recorded water levels below the crest were well beleow the design
phreatic line, by more tham 23 ft, but the water level in the basio has alsa

been well below design (full pond) level.
The three piezometers (P4 through P6) on the upper berm have generally shown

water level fluctustions less thap 2 ft with no apparent upward trend inm water

level. A large drop in water level of about & ft in P5, recorded in July, 1984,
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apparently was an erteor since the recorded water level was almosat 2.8 ft below
the indicated bottom elevation of the piezometer tube. Mo water hae been
present in P4 since Japwary, 1985; therefore, ne time versuy water elevation
Flot it included io Appendix C for this piezometer after that date. The
recorded water levels in piezometers P4 through P6 are below the elevations of
the seals; thus, these piezometers have been fupctioning like observation wells.
All the recorded levels in P5 are sbove the design phreatic line (pee Figure 9

in Appendix A).
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7.0 CONCLUSION3 ARD RECOMMENDATIONS

7.1l Cogclupipos

Our inspection found pno obvious signs of imminent instability or sericus
inadequacy of aoy of the dikes apnd outlet structuree at the Cliffside Steanm

Station that wonld require emergeney remedial ection.

The copditiorns observed at the Toits l-4 ash basic dike and at the Unit 5
ash basin dikes are essentislly the same as those observed in the 1981
independent inspecticm except that the Unit 5 ash basin main dike is becoming
overgrown with weeds, briara and other vatural vegetation. Since the Upit 5
bagin is retired, a6 ia the Units !-4 basin, the netural vegetarion may be
allowed to grow; however, it would be desirable to mmintain an ingpe<tion trail
along the base of the ourside slope of the main dike at the Uanit 5 bawin,

gimilar teo that at the nits 1-4 bazin dike.

The ¢lear seepage and wet areas observed at the toes of the outside elopes

of the main dike sod saddle dike at the Unit 5 basin appeared geoerally the same
aa pbserved in the 1981 ipspectiocn. The eroded hole noted in the outaide slope
of the wsaddle dike does pot threatem stability of that dike but should be
filled-in and regrassed. The small pond that remains at the sputhern end ¢f the

Unit 5 ssh basin does not have an impact on the hydrologic safety of the dikes.

Both the upstream and downsecream dikes at the Suwck Creek ash basin are in
generally goed visual counditiconm., The grasz ot these dikes is better established

thaen in 198l, but there are still some aress of sparse growth and miner erosion.

7=1
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The small alump noted on the outside slope near the left abutment of rhe
downstream dike is shallow seated and does not threaten stabilicy of the dike;
however, it should be rvepaired as part of routine maiotenance to prevent further
deterioretion of the area by ercsion and slonghiug. The clear seepage emerging
from the left bank of the dreinsge chennel below the toe of the dovmstream dike
probably comes from the left abutment; it dees not threaten stability of the
dike as long as it remainog clear flowing. The wet ares gbserved just beyond the
riprapped toe of the outside slope of the upstream dike probably is due to poor
drainage from the filat tee area of seepage emerging from the internal drainage

aystem.

In cur gpinicn, the exigting hydrologic anslysens, s8 summarized in Section
3.1.2, give arn adequate indication of the hydrelogic capabilities of the ash
basins. The analyses indicate that the Upits 1-4 ash hasio and the Unic % ash
basin have the capability of ceontainiag or passing runoff from the 100-year
atorm witheut overtopping. This degree of hydrologic safety is adequate, in our
epinion, for the retired basins which no longer serve as impoundments. The
degree of hydrologic safety of the Suek Creek zsh basin meets the criteria
established by the Corps of Engineera apd the N.G. Dam Safety regulatioma. No
tonditions were observed that would have a potentially sericus impact on the
agsumptions used io the bydrelegic anelyses. No further etudy of the safety of

the dikes with respect to flood hazard appears warranted at thie bime.
The existing static slope stability analyses of the ash basio dikes at

Cliffside indicate computed fscters of safety For deep seated potenmtial failure

arce that meet or exceed cooventional wminimum safety factor criteria, though

7=1
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aome lower-than-minimum factors of safety are indicated for shallow (less than
10 ft) potential failure arcs onm the inaide alope of the Suck Creek dowpstream

dike.

The 80il desipgn parameters used in the stebility analyses of the Unit 5
basin dikes and the 3uck Creek basin dikes appear to be reasonable. The
procedures snd soil paramerers vsed in the 30-year old analyses of the Unit l-4
basin dike are outdated, However, becauae this dike has shown matisfactory
performance and ne longer impounds & significant volume of water, no re-analyses
of its structural stfability is warranted, im our opinion. Likewise, no further
study of structural stability of the Unit 5 basin dike appears warranted at this
time becavse the existing analyses appear adequate and show computed factors of
safery which exceed conventional minimum ssfety factor criteria. At the Suck
Creek basin, however, it may be advisable to re-analyze the cutside slope of the
downetream dike vwnder steady state condition, depending om what results are
indicated by future monitoring ¢f the new piezometers that are to be insralled

on the outside slope of this dike.

Hethads of maintensnce and surveillance, as they relate to overall project
safely, appear to be mdequate. Maintenance should continue a8 peeded to keep a
good atand of erosicon resistant grass on the slopes of the Suck Creek dikes and
to keep the riprap-lined channel and ditches free of vegetation and other
cbatructions such as the rocks that have Fallen from the weathered rock ledge
inte the left abutment contact ditch next to the outside slope of the Suck Creek

dowvnstream dike.
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The piezometer moniteoring date show large fluctuations in water levels in

piezometers located on the crest of the Suck Creek downmstteam dike during the

first 15 months of the 25-month monitering record, but no alarming upward trend

ig indicated. The water lavels in piezometer PS located om the upper berm of

the dewnsiream dike have been above the design phreatic line. Installation of

the two planned additionsgl piezometers, which we advise be installed aa

observation welle, ashould help provide a better indication of the location of

the phreatic lipe in the downstream dike, though there would still be some

vncertainty about ite igcation mder the lower berm; ancther observation well,

lpcated on. the leower berm, would help remove this uncertainty.

1.2 Repcommendakions

i

2)

3)

Mo Efurther study of hydreolegic safery ia recommended at this time.

It ic recommended that the two plaooed additicnal piezometers {F? and E8
on Figure %) at the Suck Creek downstream dike be installed as
observation wells, rather thao sealed piezemeters. (They should of
courgse be sealed against surface infiltration at the teop.) 1t is
recommended that a third, additional observation well be installed on
the outaide edge of the lower berm (El. 680 Et-MSL) of the downstream
dike (P% oo Figure 9}, It is recommended that P8 and P9 be imatalled
dowo to the top fine filter layer of the internmal drainage blanket.
Dbeervation well P? should be installed no deeper than about 15 ft below

the design phreatis line.

Re-anglyses of the ocutside slope of the Suck Creek dovmstream dike under
steady stete secpage conditions should also be performed if wmopnitoriog

7-4
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5)

6}

of the existing piezometers and the new observation wells te be
installed show the phreatic line to be substantially above the design
phreatic line (above the internal drainage blanket in the downetream

part of the dikel,

Quantitative menitoving of the Suck Creek beein water level and the
piezometer water levels shouid continue on a2 monthly basis. Water level
measurements in the new observaticn wells to be ingtalled should also be

-

teken moothly.

It is recommended that the retired Units i-4 basio dike and the Unit 5
bgsin dikes be inspected during the anttual inepections performed by Duke
engineers; they alsc should be ingpected by plant persounel after
vousually heavy rainfalls, or during.high river stages at the Unite 1-4
dike. It i3 vecommended that imspection trails be cleared at least conce
A year, just prior to the annual inspecticonsa, along the toes of the

outside slopea of the retired dikes to facilitate the inspectione.

Hinor repairs should be made at the swmall slump on the outside slape
nesr the left sbutment of the Suck Creek deownstream dike and af the
ercded hole oo the ocutside slope of the Unit 5 saddle dike. COther

maintenance items are neoted in the previocus Section 7.1

=3

LA ENGINEERING TESTING COMPARY




APPENDLX A

Figures From 1981 Report;

Figure 1 - Site Location

Figure 2 - Site Vicimity

Figure 3 - Plan of Units 1-4 01d Dike

Figure 4 - Sectipns Through Units 1-4 0ld Dike aed Basin Ourlet
Figure 5 - Flan of Unit 3 Old Dikes

Figure & = Sections Through Unit 5 01g Mein Dike and Basie Outler
Figure 7 - Plan of Suck Creek Dikes

Fipure 8 - Sections Through Suck Creek Dikes spd Baeip Gutlet

Hew Figure:

Figure 9 - Suck Creek Downstreanm Dike Instrumentstion
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PHOTO 4-1

FUOT( 4-2

Crest of Units 1-4 01d Ash Basin Dike {E to W View}

Inside (Upstream} Slope of Unics 1-4 01d Ash Basgio
Dike (W to E View)
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FHOTC 4-3  Yard Drainage Holding Pond and Dredge Spoil Pond in
Unite 1-4& Old Ash Pasin Area

PROTOD 44  Wooded Qutside (Downstream) Sleope of Units 1-4
Old Ash Basin Dike
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PHOTG 4%  Area of "Yellow" Seepage at Edge of River Below
Toe of Outside Slope of Units 1-4 0id Ash Basin Dike
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PEE T

PHOTE

4-7

Scoured Bank Next to River Below Toe of Outszide
Slope of Units 1-4 0ld Ask Basin Dike
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FHOTO 48

View of Units 1-4 0ld Ash Basin Drainape Tower
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P - nli— -
FHOTO 4=9 Outlet End of 10-Inch CHE Outlet for Units l-4
- 0ld Asgh Basin
BN met
PROTO 4-10 Outside (Downstresm) Slope of Unit 5 Retired
Batin Mpin Dike
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PHOTIO 4-12 Ercded Hole in Downstream Slope of Unit 5
Retired Baein Saddle Dike
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FHOTO 4-13 View of Unit > Retired Ash Basin Draioage Tower
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PUOTO 4-14 Outlet Eod of 60-Ioch RCP Outler for Unit 5
Retired Ash Bansin
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PHOTO 4-1B

Inside Slepe of Suck Creek Downatream Dike
(W to E View)
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FHOTD 4-17 Dutside Slope of Suck Creek Dowvngtream Dike
- {E to W View)}

FHOTO 4-18 01d Eroded Area on Qutsaide Slope of Suck Creek
Dowvnstream Dike
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PHOTO 4-20 $wmsll Slump in Embankment Slope Near Left {Weat)
Abutment Just Below Upper Berm on Outaide Slope
of Zuck Creek Dowmstream Dike
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PHOTO 4-21 Fiprap Blanket Over Previously Repaired Slump
Near the Small Slump Showm in Photeo 4-20

PHOTC 4-22 Riprapped Chaunel Below Toe of Outside Slope of
Buck Creek Downstream Dike
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PHOTO &-23 Toe of Qutside Slope of Suck Creek Downstream Dike
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PHOTO

4-24 Clear Seepage Pmerging From Under Riprap at Base
of Left (West) Bank Near End of Channel Showm in
Photo 4=22
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PHOTO 4-24 1Inside Slepe of Suck Creek Upstream Dike
(8W to NE View)
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PHOTG 4-27 Outside Slope of
(NE to SW View)

PHOTO 4~18 Wet Area Beyond Riprapped Toe of Outside Slope
of Suck Creek Upstream Dike
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PHOTD 4-29 View of Suck Creek Ash Basin Drainage Tower

FHOTD 4-300 Outlet Epnd of 42-Inch BCP Oublet for Suck Creek
Ash Basin
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APPENDIX cC

MONITOCRING DATA
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CLIFFSINE STEAM STATION

PTIEZOMETER READINGS IN

SUCK CREEK DOWNSTREAM ASH DAM

CIYIL SUOPPCRT SESTMN
RECEl< -5

APR 2 0 1584

DIVISIGNIRECT 2~
FILE HE.

Bate of Observation:

I .- Name of Dbserver: G [T R
Observed o
Distance
Elevation Top of Eievation
Top of . Casing Pipe of
?1eznmeter Location $iezometer Basin MWater To Water Water In
Number station | Offset Tube Elevation Surface Fiezometer
l C-1 12 + 35 8' DS 778.1 ZEAL OO L. 5t Z35e
I C-2 13 4 35 8' DS 778 .4 753, 00 #E 13 73027
Cos v | eos| 182 | 743 00 3809 740, 1
I -4 12 + 35 [150° ps 728.8 787 00 47 05 L8728
-5 13 + 35 |150' DS 728.7 79 O0 TNk L5855 A7
I . G- . 14 + 35 | 150" DS 728.5 7, 00 $f B 556 8/
St
418
v
Notes: 1) Piezometers are shown on drawing C-2015A and detailed on drawing C-2015-L.

2} A1l water elevations to be read correct to .01 Feet,

3} Frequency of Observations: monthly intervals.

4} Send one copy of completed readings to: R. 5. Bhatnagar

Design Engineering
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CLIFFSIDE STEAM STATION o | !
PIEZOMETER READ]HGS IN [rreramimes g mm = L)
SUCK CREEX DOWNSTREAM ASH DAM FE St oo npon O
NSV
* Rame of Observer: o) =f Cgé . Date of Observation: PR s -
Observed
Distance
Elevation Top of Elevation
. ) . Top of Casing Pipe of
Piezometer Location Piezometer | Basin Water 7o Nater Water In
Number Station | Offset Tube Elevation Surface Piezometer
I C-1 12 + 35 8' DS 778.1 252,00 Y s 2377
I c-2 3+ | s os| 7784 = 51 60 41 %7 23C.93
-3 14+ 35 |- 8 DS | 778.2 252, 00 52,28 225,92
I c-4 12+ 35 [150° DS | 728.8 o . e 41 8% £8s 91
t-s. |13+ 35 [1s00 s | 7287 >3 OO 4189 686 Rl
I -6 14 + 3% 150" D3 7EB.5 253 e 07 58?“1"3
I Notes: 1) Piezometers are shown on drawing (-2015A and detailed on drawing C-2015-1,
2) A1l water elevations to be read correct to .01 Feet,
I 3} Frequency of Dbeservations: monthly intervals.
4) Send one copy of completed readings to: R. S. Bhatnagar
l Design Engingering
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R/ Ay L AUG 06 1534
CLIFFSIDE STEAM STATION - ,;}44”
PIEZOMETER READINGS IN - A8, | owciongrecoras copy
SUCK CREEK DOWNSTREAM ASH DAM ¥ y[FILE Mo, € -exaiyh 00
' C-3%
'I.‘:H.ame of Observer: '_ Date qf__ﬁ'hj&ervatiﬂn: '_ 7~j Lt - il '
" Dbserved
: . Distance -
S _ Elevation , Top of Elevation .
o : Tap of - Casing Pipe CoF
I Piezometer Location Piezometer Basin Water “To Water Water In
.- Number Station | Offset Tube . Elevation Surface Piezometer .
12 + 35 B' DS 778.1 > &%, (0 ¥R 14 729227
13435 { 8 18| 778.4 752,00 ¥4, 52 73388
.'C-3 4+35 | g os| 7782 sra.00 | 509 23c.3)
12 + 35 [ 150" DS 728.8 752,00 4{;,3? ' SR L 9l
13+35 {150' DS | 728.7 5 £ 0 Y7 8A £80 8
c-6 14 + 35 [150' DS 728.5 > 25 O 4 4 CE73¢

Notes:

1) Piezometers are shown on drawing €-20154 and detailed on drawing £-2015-L.

2} All water elevations to be read correct to .01 Feet.

3] Frequency of Dbservations: monthly intervails.

R. 5. Bhatmagar Fe L

Design Engingering

4) Send one copy of completed readings to:



Hame of Chserver:
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MK 'E;""’ . pwo
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CLIFFSIDE STEAM STATION e g
PIEZOMETER READINGS IN IR~
SUCK CREEK DOMNSTREAM ASH DA e 0. S5 Bk 4
Rt SN

2} AN water elevations tp be read correct to .01 Feet.

3) Fresuency of Observations: manthly intervals.

4) Serd one copy of completed readings to: R. S. Bhatnagar

£ fas Pate of Observation: _£F. z/-F¢
I - N Observed
ST ‘ Distance
E.}Evat}an Top of Elevation
- - op o - Casing Pipe of
Piezcmeter Eocatwn Piezomneter Basin Water To Water Water In
- Humber Station | Offset Tube Elevation Surface Fiezometer
"l c-1 12 + 35 8' 0% 778.1 — e 2 o &7 &4 21 3y
. -2 i3+35 | 05| 778.4 752,24 §ECO 220, 2
(E-3 14 + 35 g8' D§ 778.2 YEPNL 4 22 g THE NG
I £-4 12 + 35 | 190" DS 728.8 S e ..ﬁ’f.’ff 6826 89
£-5 13 + 35 [350' B% 728.7 7.0, §760 LRLED
I C-6 14 + 35 | 150" 05 128.% Den o 4 41 oY A87 4|
I Notes: 1) Piezsmeters are shown on drawing -2075A and detailed on drawing E-ED15-L.+

Design Enginesring
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CLIFFSIDE STEAM STATION _ SEP 1 0 164
PIEZOMETER READINGS IN

SUCK CREEK DOWNSTREAM ASH DAM DivISION nscﬂmmc@f
FILE vo,_G - S0 W
- - SR P ST

s N Qé:r_’ ‘Date of Observation: ey L o

?

i

“

Pk

. v T S e Observed - .
i o ' Distance ' :
T ' Elevation Top of ﬁ Elevation
Top of Casing Pipe of :
Piezometer To Water Water In
Rumber Station | Dffset Tube Eievation Surface Piezometer

e Ly ,-

'‘Piezometer " Lotation Basin Water

T

1) m:ﬁ "']'_I %
'

C-1 12 + 35 B' DS 7781 752, A0 e AL A ?iﬂ:- fs

i
o

( 3 14 + 35 8' DS 778.2  752.320 3¢.0.9 738 ¢f

-4 12+ 35 {3500 05 | 7288 T£1 A0 & a0 -{&_{Z¢¢

C-5 13 ¢ 35 150’ s | 728.7 262,20 il 41 ERE TR
. C-6 14+ 35 [150' DS | 728.5 F£2.2.0 4109 £B7 S

Notes: 1) Piezometers are shown on drawing C-2015A and detailed on drawing C-2015-L,
2) A1l water elevations to be read correct to .01 Feet.
'3) Frequency of Dbservations: monthly intervals.

4) Send one copy of completed readings to: R. 5. Bhatnagar
Design Engineering
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il SUPPORT SESTION
RECEIVER

NOV 2 6 1984

PIEZQMETER READINGS [N

SUCK CREEK DOWNSTREAM ASH DAM DIFSI2NIRICORDS CoPY

_Mmba

=

I _ CLIFF5IDE STEAM STATION

‘Date of Observation; '.;,rf- }g-g‘,/" T

Send one copy of completed readings to:

Design Engineering

" :'I':II-:rs;r.vé.d i _ S .
o Distance .
Elevation Top of Elevation
. Top of . . Casing Pipe S OF A
Piezometer location Piezometer Basin Water To Water Water In ;o
Number Station | Offset Tube Elevation . Surface Fiezometer
) T T )
l C-1 12 + 35 8' DS 778.1 Sl 1o AT A TIE. 35
I C-2 13 + 35 g8' DS 778.4 S0 /0 44 98 733, 43
(~'3 14 + 35 B' D5 778.7 Fea. 10 48 00 730,20
l -4 12+ 35 |10 ps | 7288 50210 4 if £B7 &Y
C-5 13+ 35 | 150 03 728.7 RYoy¥ W12, A1 i £R7.59
l C-6 - j18+35 |150° 85| 728.5 Ny Wl 4l BE £RE.£.5
l Notes: 3] Piezometers are shown on drawing L-2015A and detailed on drawing C-2015-L,
: 2} Al water elevations to be read correct to .01 Feet.
l 3] Frequency of Observations: monthly intervals.
I 4) R. S. Bhatnagar
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CLIFFSIDE STERM STATION
PIEZOMETER RTADTHGS TN

~

Design Engineering

i D
SUCK CREEK DOWHSTREAM ASH DAM ha. _§_5 W}HM} !
I AL AN
| | - t6-AWN -
I . Name of Observer: 4 2 bate of Observation: /-7~
l S Observed
Distance
Elevation Top of Elevation
. . Top of . Casing Pipe 0f
I Piezometer Location Piezometer Basin Water To Water Water In
Humber Station | Offset Tube Elevation Surface Fiezomete:
l C-1 12 + 35 8' 0s 778.1 raA-Y . #4803 23L 30
l - L2 13 + 35 B' DS 778.4 242 10 HE D3 723 .22
(‘.-3 14 + 35 8' DS 778.2 TEY D vi-IA 230, 2%
I c-4 2 + 35 150" DS 728.8 75210 wi L £EB2¢6/
I £-5 13+ 35 {150 OS | 728.7 752 (0 41 42 £BE. 78
C-6 14 + 35 | 154" DS 728.5 79 40 #% in & BL 0
l Hotes: 1) Piezometers are shown on drawing €-20754 and detailed on drawing £-2015-1.
2} AlY water elevations to be read correct to .01 Feet.
I 3} Frequency of Dbservations: monthly intervals.
I 4) Send one copy of completed rezdings to: R, 5. Bhatnagar
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’ . 21P 2208 rareol 20 A A 798| 09 K7 774 07| 734,80 LT3 2.0/ | 20L S 2l FAE. 5o 736
. A1 * o |l Ry e silzeiot | 23031 730 57 ZIE T | T2 A L sk Jatie 7a it )
9 1P lgeres| T s fa o iz n =] 1 fa I
_— 5 ]F Bf 8f) sReoc|rss bl 88 24| 656 29| AR ok g0 7 LELZUNEFE N | L9678 LL0E 90 .
H B 1P LeAL Y £Rh (7 iSshadl r20atl eBCEH e Rr, eyl 6RE TGl ERE Lo LAV WA AT RALATA T .
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TUTTROTES: 1. ALY water surface #levatians are Tobe correcy tp .01 of o Foot.
2. Paraball Flure readiag smal| 3e 031 1eni rer minute 4md Correct o Lhe nearest 801 o,
(h_ . Type: P - Reeze-ater, 04 « Opgeryatian Kell,
I 4. AT Pieza-etersiotervation Hells are to e camnleted mith an slevakion.  |f o water sxitl, fostnote
The depth #x Follens: A tet aelty Bogin, = 0y silt, = Hirg getten
5. JSend & cony af campleted formy, page 1 and Z. to: Cesign Erqinsering, Hr. §. B, Mager, Cndef [ngineer,
Attentign: M, %, Sills,
I 6. Station 1o retawn arigingl and complels the nest Cxlumn At Ene nest ronitering interyal.

e



' : POCINILBUREL L e
LR L . ELuLﬁ.:'-'Z'.'

[—

L m— a1

07 e e
N S | : I RE : :
SRR T L) e a
£ = 1:‘5‘:3 AR IR IR C I - L al- S | = |
825 ez gHe g 15 sl 12 gl 1) |z ETTS e eree| e
— T, (-3 _u:“u:._u;_‘u;“u: _,":-..H:-.Uan-uz--uz..uz--uz
e E’:r’:%:s?a:?:z%ﬁuew=g=ﬁ%:=.§::25=5=:%==2§
[ Ss2 |3|212¢88ls¢28i258(|8C8|5e5|55a|ss8|526|558[S8F28£(58¢2
BISTAKCL FROM TOP OF £ASING PIPE 10 WATER SUSFACE {Ft.}
et 1le 1293 [0 nvl 52,25
288 | 21P D) F lov w1 |47 o
M | VIP Ve aoln 1 | sage -
iri:N 4| ¥ fa) ] N |
8.7 1-5VP Vapfigg | waopl 42 0o '
TZ6.5 N LB VN g3 4y ~ . =
. PATER ELEVATIONS (Ft.)
VP |rag 17 22 28 2E5 -2 .
N AR FINET VR PEA
217 \rac e zaspe| 78,
i | P r1 IT *
. S| ® 1g6g 200 Fer 7 @%-_’Z
E1P lchszelefes |wH. A
| -
|
PAREAELL e
FLUE I L bk -:f-L:..JGLi:II
WNER: 3. AN wHLEF SurTacd #14vALICNY 4re tale corrfet 2o 371 of & dnat.
£ Partradl Flu=g resz1an ghall te nallemt M&r minact 4ad correch ta the resrest 0.01 nza,
1. Tize: P - Bimgomprer, 09 - Mutervalion Hell,
4. EMl Piercrgtwr Iuigrvation ce!ls are 1o pe Ceralersd with b= elevation. I oo wyter erigt, feotrpte
Eoe deatt b5 Tollews: Soter s1lty raetw, Slrw wilk, =~ mpre iottom
%, T2wg 4 erry af gis2leten fpees, cage | ang 2, t4: Losingn cegineering, Mr, 4. . Kaner, Chiel [rglinper,
Briertian; W, T £t ’
&,

itatezn Lo retawn =Ryl ama Sicnhete the rect £olomn e the Apat TEATATIR] Tnteryal,



- -
-
s
[
-
-
=
-
!
-
-
-
-
-
-
-
-
-
. [
_

)-



\.

N

£y

geotechnical, environmental & construction materials consultants

.

NNV AN

L
gy




US Enviranmental =N

Coal Combustion Dam Inspeclion Chackiist Form Protechon Agoency -

Site Name: . _Dater S __
UnitName: sm= % ki, Hhie _Operators Name: ;. Tk
UnitkD.o o oo Hazard Potential Classification® Migh  Sknficant Low

Inspectar's Name:

Cirwerk th o :[':ug_:.:_u:.lh_u ey Prr'.u;:'|r1r.-”f:':'unu-m'n,f:._n.-,fh'i'n'r'm';'rr:-;m;lh- Iﬁm; -IlJlL{J.'.‘.'-.!'.\JU nr ok vainbh e MRAA" --f\ny 1|r';'|-|'.~'.|_|ur:<:-nmrlnﬁ:;-m

E i i I

e Mo A1 Mo
1. Frequency of Company’s Dam Inspections? 18. Sloughing or bulging on slopes? W
2. Pool elevation (operator records)? FES 19. Major erosion or slope deterioration? W i
3. Decant inlet elevation (operator records)? 20. Decant Pipes:
4. Open channel spillway elevation (operator records)? Is water entering inlet, but not exiting outlet? v
5. Lowest dam crest elevation (operator records)? +F 5 Is water exiting outlet, but not entering inlet? v
6. Ifinstrumentation is present, are readings i 7 5 2
recorded (operator records)? Is water exiting outlet flowing clear? i
: - 21. Seepage (specify location, if seepage carries fines,
?
7. Is the embankment currently under construction? v and approximate seepage rate below):
8. Foundation preparation (remove vegetation,stumps, o
topsoil in area where embankment fill will be placed)? N YA From underdrain? v
9. Trees growing on embankment? (If so, indicate ; : o -
largest diameter below) v At isolated points on embankment slopes? v
10. Cracks or scarps on crest? v Al natural hillside in the embankment area? v
11. Is there significant settlement along the crest? Over widespread areas? v
12. Are decan! trashracks clear and in place? v From downstream foundation area? v
13. Depressions or sinkholes in tailings surface or S
whirlpool in the pool area? Bolls" beneath stream or ponded water? v
14. Clogged spillways, groin or diversion dilches? v Around the outside of the decant pipe? v
15. Are spillway or ditch linings deteriorated? v | 22. Surface movements in valley bottom or on hillside? Vea
16. Are outlets of decant or underdrains blocked? v~ | 23. Water against downstream toe? o
17. Cracks or scarps on slopes? v 24, Were Photos taken during the dam inspection? Wi

Major advarse changes in those items could ¢auso instability and should be reported for
further evaluation. Adverse conditiens noted in these items should normally be described (extent, location,
volume, etc.] in the space below and on the back of this sheet.

_Inspection Issus # o Camments

LPA FORM 20K



U. 8. Environmental Protection Agency N P
H

Coal Combustion Waste (CCW)
Impoundment Inspection

Impouidment NPREN Permin o INSIMECTOR
[ate

[mipoundment Name

Impoundmenm Company

EPA Region '
State Agency (Field Oficey Addresss

Name of linpoundment aoe o,
(Report cach impoundment on a separate Torm under the same inpoundment NPDES
Permit nunber)

New  Update
Yy Ny

[ impeundiment currently under construction?

Is water or cew currently being puniped into

the inpoundment?

IMPOUNDMENT FUNCTION:

Nearest Downstream Town : Nuame

[Hstance from the impoundiment

Impoundment

Location: [ongitude Degrees © Minues Seconds
Latitude Degrees Minules Secomds
mlty {annly

roes astate ageney regulate this impoundment? YIS N

TS0 Which Siate Ageincy!

EPA Form XXXX-XXX, Jan 09



HAZARD POTENTIAL (In the event the impoungdment should (il the
following would oceur):

LESS THAN LOW HAZARD POTENTIAL: Faiture or misoperation of
the dim results i ne probable foss of human Tile or cconomic or envirommental

losses,

LOW HAZARD POTENTIAL: Doms assigned the low huzard potential
clussilication are these where failure or misoperation results in no probuble loss of
human lite and low ceonomic and/or environmental Tosses. Losses are principally
[himited to the owner's property.

SIGNTFICANT HAZARD POTENTIAL: Dams assigned the significant
havcard potential classilication are those dams where failure or misaperation results
11 no probable loss of uman Life but can cause ceonomic loss, environnental
duinage., disruption of lifeline facilitios, or can impact other concerns. Signilicant
hazard potential classilication dams are often located in predominanily rurai or
agricultural areas but could be located in arcas with populition and significam
infrastretur,

HIGIH HAZARD POTENTIAL: Dams assigned the ligh lazard
potential ¢lassification are thase where fuilure or misopetation will probahbly cause
loss of himan Lilk,

DESCRIBE REASONING FOR HAZARD RATING CHOSEN:

LI N e —

[

FEL Fooony YAYXX-XNY L



CONFIGURATION:

& -,
WEELNIRINT o

Szl

CROSS-YALLEY

‘WA Ol by T

SIDE-HILL

ITeighe

MKED

W

LAyt e 00T
TR L e R
B T e

SR Pl

INCISED

W oo e

A

Cross-Valley

Side-i il

Diked

e i vearnreloan o s by
Combination Incised/Diked

Lmbankiment Heiglt : feet  Bmbankment Material
ol Ares aeres Lner
Current Frechoard leet Liner Permgability

EPA Form XXXX-XXX, Jan 09




LTYPE OF OLTLET (Mark sl that apply)

()p‘:“ (uhﬂnnul Hpi”“lil}' (LR IN AR FRY ] TR ™0 T ot
.[-r:il':'c.-".ﬂidill L el Lot W kil
Triangular — N .
Rectangular \:“"_/j N I o
Irregular —
Wnlh

(iL['ﬂh . W] skl | AR [LTARRIRIE
battom (or average) width Vet 4 alih
top width I T

——

LV B
~Quilet

g

mside dinmoter

Material lemade | Dty
corrugated metal
welded steel

conerete

plastic (hdpe. pve, ele.)
other (speeify)

s water flowing through the outlet?  YES NO)

~No Outlet

Other Type of Outlet (specily)

The Impoundiment was Designied By

EPA Form XXXX.XXX, Jap 0%



s there ever been o fatlure o this site”?
If S0 When'!

[ 50 Please Deseribe :

EFA& Form XXXX.XXX, Jan 09

Y1

NED



Flas there ever been signilicant seepages at this site? YIS NO)
11 S0 When?

[F S0 Plesse Deseribe:

EPA Form XXXX-XXX, Jan 09



s there ever been any measures undertaken o monitor/lower
Phreatic water table levels based on past seepages or breaches

at this site? Y15 N()
IF's0, which method (c.g., piezometers, gw pumping....)?

!
=

[ 50 Please Deseribe

EPA Form XXXX-XXX, Jan 09
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